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NOTATION

R
A Expanded blade area, Zf c dr

Y o Propeller expanded area ratio, (2Z/n)f hlD dx

(AE/AO)k Keller's minimum expanded area ratio for
eliminating back bubble cavitation,
(2.6+o.6)K/{%.7  J +(o.7,,) )}+K

2
AO  Disc area, nD /4

Ap PEstimated propeller projected area,
(1.067-0.229(P/D) i)A

alx) Area of section, 2 c(x)t(x)f t(x,x dx

B(x) Distance of CG from face,
y cos + x sin -S x R tan -. R x + DH/2

(c/R) LE' c/R)TE Chord lengths measured from leading edge and
trailing edge of blade to propeller reference
line

CD Sectic,n drao coefficient

CFO Frictional resistance of section

CG Center of gravity

CL  Blade section lift coefficient

C Power loading coefficient, PD/( (p/2)rR2
PD VA3CpS D/ (p/2) V ) ;' calculated f h(l+ /tanBI) (dC.s/dx) dx

Power loadig 3coefficient basid on ship speed,

P D/(P/2ir V);-caculte fXh 1+/aBI )(Cpsi d)d

CTS Thrust loagipg coefficient b~sed on ship speed,

T/((P/2)iwR V ); calculated xh (l-etanB )(dCTSi/dx) dx

c Prop,,ler blade chord length, c(x)

Inviscid power loading coefficient,
(4Z/X )x G ((l-wx)+UT/2v)

Inviscid thrust loading coefficient,
CT.i 4 ZG(x/X -UA/2V)

vii



D Propeller diameter

dH flub diameter

F(x) Parameter for calculating the fluctuating

angles of attack, i/fl+27tan(B I-B)/CT)

f M Camber

g Acceleration due to gravity

ga Lerbs axial distance factors (Reference 1)

G(r) Nondimensional circulation about a blade

section, r/(2TRV)

G F  Spacing between fillets

GZ Spacing between blades at hub

H Static head at propeller shaft centerline

Ixo, I Moment of inertia of blade section about

x and y ixes

Advance coefficient, V(l-wT)/(nD) =VA/(nD)

Ship speed advance coefficient, V/(nD)

K Kellers' constant for predicting minimum
blade area of propeller (see p. 24)

2 5KQ Torque coefficient, Q/(pn D5)

KT Thrust coefficient, T/(pn2 D4)

LI Propeller lift distribution per unit span

for finite element stress calculations

Mp PMoment of blades (see p. 24 )

MTbMQb Moment due to thrust and torque

M X0 'M O Moment parallel and perpendicular to the
nose-tail line

n Propeller revolution per unit time

viii
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(P/D)I  Estimated propeller pitch ratio at 0.7 radius,
0.77itanB1 in program

PD Delivered power at propeller, 2TQn

P E Effective power

PS Shaft power

Q Propeller torque

R Propeller tip radius

r Propeller local radius

rh Propeller hub radius

r£ 9Local position along the section chord

T Propeller thrust

t Propeller blade maximum thickness t(x), thrust
deduction fraction

t(x,x£) Chord wise distribution of section thickness
(NACA 66 modified thickness form is used)

UA/2V Axial induced velocity at lifting line

UT/2V Tangential induced velocity at lifting line

V Ship speed

VA Speed of advance of the propeller, V(l-wT )

V x Local velocity along the x axis at any field point

V Inflow velocity at each propeller section,
r V/[ F w x )UA/2V '+(x/Xs-UT/2VJ

w a/V Axial velocity from sources other than thea propeller wake (l-wx

WB Weight of blades

If;W Weight of hub

SPropeller weiht

ix



w Circumferential mean wake fraction at each
c radius calculated from wake survey

w t/V Tangential wake velocities from sources otherthan the propeller wake (l-w )

wT Propeller effective wake fraction as determined
from thrust identity from self propulsion
experiment

w Volume mean wake fractionv

w x Propeller wake fraction

x Nondimensional radial distance, r/R

x h Nondimensional hub radius, (rh/R)

x£ Nondimensional distance along section chord,
(r /c)

Z Number of blades

ZR Propeller rake

ZT Total rake, rake plus induced rake 1)
Section ideal angle of attack, 1.54C for
NACA a=0.8 meanline in two-dimensional flow

max Maximum fluctuating angle of attack, Ct-(-AS)F(x)

amin Minimum fluctuating angle of attack, ai-(+S)F(x)

Advance angle of a propeller blade section

8i Hydrodynamic flow angle of a propeller blade
section

r Propeller circulation, 21IRVG

Section drag-lift ratio, C D/CL

TID Propulsive efficiency, PE /PD= (-t)CTsCps

/R Blade rake angle in degrees (see p. 15)

eS  Blade skew angle in degrees (see p. 15)

x©
Bes



S Advance ratio of propeller based on ship
speed, V/( nD)

p Water density

Op Density -f propeller material

*Pitch angle

Section cavitation number, 2gH/V r
2

Burrill cavitation number,
2gH/{(V(l-w x-0.7) V+(0.7inD) 2}

T Burrill thrust loading coefficient,

2gH/{(V(l-wX. ) )2+(o.71nr,) 2}
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ABSTRACT

This report presents a new computer program that can

be used to design and predict the performance of contrarotating

propellers. The new program utilizes the latest numerical

computation techniques developed for the design of contra-

rotating propellers. The hydrodynamic pitch angle distribution

is specified as input and the design calculations are made

using Lerbs' moderately loaded single screw lifting line

propeller theory. The propeller interaction effects (the

most important new feature of the design procedure) are

obtained using Kerwin's field point velocity program developed

using finite bladed lifting surface theory.

An analysis of results obtained for a sample set of

contrarotating propellers, designed using the new method

presented, show that different design and performance pre-

dictions are obtained for the aft propeller when results

are compared to those calculated using the old method.

Calculations made using the new design method are considered

2. more accurate due to the improved method of determining

the propeller interaction effects.

A FORTRAN listing of the new program, developed to

;rz run on the computers at the David W. Taylor Naval Ship Research

and Development Center (DTNSRDC) is presented as well as

input and output obtained for a sample set of contrarotating

propeller designs.

9-
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ADMINISTRATIVE INFORMATION

This work was sponsored by the Naval Sea Systems Colmand,

SEA 034, and carried out under the David W. Taylor Naval

Ship Research and Development Center (DTNSRDC) Work Unit

1544-256, Task 14438.

INTRODUCTION

The David W. Taylor Naval Ship Research and Development

Center (DTNSRDC), Carderock Laboratory, was requested by

the Naval Sea Systems Command (NAVSEA) to develop a computer

program that can be used to better design and predict the

propulsive and cavitation performance of contrarotating

propellers. Contrarotating propellers have been used on

naval vessels, especially torpedoes, because they offer

advantages over single-screw propellers by being more

efficient, having smaller optimum diameters, and being torque-

balanced resulting in better stability. Unfortunately,

the contrarotating propeller theory and design procedure

have not kept pace with the advancement developed for single-

screw propellers where the design and perfortance predictions

can be made with a high degree of accuracy.

2



The old contrarotating propeller design procedure used

at DTNSRDC is based on Lerbs' theory of References 1, 2,

and 3. This method requires that the same hydrodynamic

pitch distribution be specified as input for the forward

and aft propellers and results obtained show that similar

circulation distributions are computed for both propellers.

The average axial and tangential propeller induced velocities

used to determine the propeller interaction effects are

derived using the uniformly loaded sink disc theory in this

design method.

DTNSRDC is presently evaluating a package of contrarotating

propeller design computer programs based on lifting line

and lifting surface theories, recently developed by Nelson

in Reference 4. The propeller lifting line theory used

requires the circulation distribution (which must be the

same for the forward and aft propellers) rather than the

hydrodynamic pitch distribution, to be specified as input.

The corresponding hydrodynamic pitch distribution is calculated

using Lerbs' moderately loaded single screw theory

1. Lerbs, H.W., "Contra-Rotating Optimum Propellers Operating
in a Radially Non-Uniform Wake," David Taylor Model
Basin Report 941, May 1955

2. Morgan, William B. and Wrench, J.W., Jr., "Some Com-
putational Aspects of Propeller Design," Methods in
Computational Physics, Vol. 4, academic Press Inc.,

New York, p 301-331, 19,65
3. Morgan, W.B., "The Design of contrarotating Propellers

Using Lerbs' Theory,#" Transactions of the Society of
Naval Architects aind Miftnei Eigineesr6, vol. .68, p 6-38,
1960

4. Nelson, D.M., "A Computer Program-Package for Designing
Wake-Adapted Counterroating,Propellers: A Users Manual,"
Naval Undersea Center, Fleet Engineering Departmentt Report NUC TP 494, Dece'mber 1975

,,
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of Reference 5, which has been extended to account for finite

circulation values at the propeller hub. Nelson's method for

determining propeller interaction effects (average axial and

tangential propeller induced velocities) are determined using

the procedure developed by Hough and Ordway in Reference 6,

corrected to account for finite blade number effects. Pre-

liminary results from Nelson's computer program for making

pitch and camber calculations based on contrarotating pro-

peller lifting surface theory show that lifting surface effects

due to the forward and aft propellers are small.

The new contrarotating propeller design computer program

based on Lerbs moderately loaded single screw propeller theory

of Reference 5 is similar to the computer program developed

for single screw propellers in Reference 7 except that

additional calculations are required to account for propeller

interaction effects required in the contrarotating propeller

design program. The average axial and tangential propeller-

induced velocities needed to determine the propeller interaction

5. Lerbs, H.W., "Moderately Loaded Propellers with a Finite
Number of Blades and an Arbitrary Distribution of Circulation,"
Transactions of the Society of Naval Architects and Marine
Engineers,, Vol. 60, p 73-117, 1952

6. Hough, G.R. and Ordway, D.Ei, NThe Generalized Actuator
Disk," Advanced Resedach Report TAR-TR-6401, Therm, Inc.,
January 1964

7. Caster, L.B., Diskin, J A-, and LaFone, T.A., "A Lifting
Line Computer Program for the Preliminary Design of Propellers,"
David W. Taylor NavAlShip Research And Development Center
Report SPD-595-01, November 1975

J).4
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effects are derived using Kerwin's field point velocity

program described by Denny in Reference 8. These calculations

represent the most important new feature of the design procedure

presented. Unlike the old method 1 2,3 , the new contra-

rotating propeller design computer program allows different

hydrodynamic pitch distributions, wake distributions and rpm

* values to be specified as input for the forward and aft propellers.

4
* Nelson's lifting surface theory for contrarotating propellers should

be used to calculate the final pitch and camber for these

propellers. Preliminary results using Nelson's lifting surface

theory show that the lifting surface interaction effects due

to the forward and aft propellers are small. As a result,

lifting surface theory developed for single screw propellers

(Reference 9) may be used to determine the final pitch and

camber for the contrarotating propellers if Nelson's program

is not available. The estimated propeller stresses are

calculated based on simple beam theory modified to account

for effect of rake and skew. The pr.peller weight, spacing

between propeller blades, chord lengths for lifting surface

pitch and camber calculations and-blade load distributions
8. Denny, Stephen B., "Comparisons of Experimentally Determined

and Theoretically ,Predicted Pressures in. the Vicinity of a
Marine Propeller," Naval Ship Research and Development
Center Report 2349, May 1967

9. Morgan, W.B., Silovip, Vladimlr, and Denny, S.B., "Pro-
peller Lifting Surface Corrections," Transactions of the
Society of Naval Arcitects and- Marine Engineers, Vol. 76,
p 309-347, 1968-

10. Eckhardt, M.K. ond Morgan, W;B., "Aro peller Design Methodi,"
Transactions of the Society of Naval Architecqts and'Marine

_; Engineers, Vol. 63,. p 325-370, 1955

-4ees Vol



for finite element stress calculations are also included in the

calculations made using this method. Parameters for cal-

11
culating the minimum expanded area ratio by Keller and

the methods of Burrill12 and Brockett13 are used to check

the cavitation performance of each propeller. An input option

to specify the hull radial induced velocity (not available in

the program presented) would also improve the accuracy of the

design calculations.

PROPELLER LIFTING-LINE THEORY

As mentioned in the Introduction, the new contrarotating

design procedure follows closely Lerbs' moderately loaded,

single-screw lifting-line propeller theory as described in

8.Reference 7. Kerwin's field point velocity program is used

to determine the propeller interaction effects (average axial

and tangential propeller-induced velocities). The diameter

of the aft propeller is based on contraction of the slip

stream. These calculations are made using the. continuity equation as

described in Reference 1, once LerbO' distance factors (ga)

values, plotted in Figure 1, are specified. More exact con-

traction of the slip, stream calcdlations can be made using
11. Keller, J. Auf'm, "Enige aspecten bij het ontwerpen van

Scheepsschroeven," SChip en werf, No. 24, p 658-662, 1966
12. Burri. L.C. and Emerson, A., "P;opeller Cavitation:

Further Tests on 16-Ihch Pirpeller Modbls in the Kings
College Cavitation rhnneli," Transactions of the North
East Coast Institution of Engineers and Ship Builders,
V61. 78, p 295-320 '1963-64-

13. Brodkett, -Terry,"Minimuui'Pressur6 Ehveiopes for Modified
NACA 66 Sections with NACA aO'.8oCamber andrBUSHIPS Type I
and Type II Sections," David Taylor Model Basin Reporti 1780, 196,6

.6
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the pi'opeller-induced fielel point velomity program of

Reference 8 if velocities are calculated at a sufficient

number of points. This approach was riot used in the pro-

gram presented Ln-ause it would result in a significant

increase in the core size and running time of the

6 computer program.

The main steps in the new contrarotating propeller

design procedure presented are as follows:

1. Lerbs' moderately loaded single-screw lifting-

line propeller theory5 is used to make design

calculatons for the forward propeller. The

average axial and tangential velocities induced

by the aft propeller on the forward propeller

are not included initially in these calculations,

but must be included in subsequent calculations.

2. Lerbs' contrarotating (equivalent) propeller

design procedure is used to calculate the

aft propeller diameter.

3. Kerwin's field point velocity program described

in Reference 8 is used to compute the average

axial and tangential velocities induced by the

4 forward propeller on the aft propeller.

-77-



4. The aft propeller design calculations are made ( )
using Lerbs' moderately loaded single-screw

5
lifting-line propeller theory where the average

axial and tangential velocities induced by the

forward propeller on the aft propeller (step 3)

are included in the aft propeller calculations.

These steps (I hrough 4) are repeated until

the propeller-induced velocities converge.

DESCRIPTION OF INPUT DATA

Appendix A presents a list of dimensioned propeller

design parameters required for the new computer program

developed which must be in the international system of

units (SI units). This list also contains conversion

factors (KsI) for changing dimensioned parameters from SI

units to English units. Effective power (P speed (V), number

of blades (Z), diameter (D), propeller wake (l-wx), the

hydrodynamic flow angle distribution (BI) and distance

factors (g a) from Figure 1 are required input parameters

in order to make nonviscous propeller design calculations

based on liftlng-line theory. The radial distribution of

blade chord lengths, no ndimensionalized on diameter, (c/D)

and section drag coefficients (CD) must be specified as

input if design calculations are to account for the viscous

17- -



drag effects on the blades. The radial distribution of

maximum thickness nondimensionalized on chord length (t/c),

blade rake angle (OR)# and skew angle (0S) parameters are

input so propeller stresses based on beam theory of

Reference 10 can be calculated. The static head (H) is

input so the blade section cavitation number (a) can be

computed. Appendix A also gives the complete input format

(card numbers, format and description of input parameters)

for the computer program. A brief description of how some

of these parameters can be determined will be discussed

next.

Effective Power, Speed, and Shaft Power

Effective power and speed are normally obtained from

model self-propulsion experiments. Input effective power

(P ) and shaft power (Ps) are defined as follows:

P=VT(l-t) (1

P=2rQ (2)

where n propeller revolutions

PS= shaft power,

PE = effective power,

Q - propeller torque,.

T = propeller thrust,

V = ship speed, and

(l-t) = thrust deduction, which may vary with

propeller diameter and speed.

~ 19
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Nondimensional Radial Distance (x)

This is a reference set of eleven nondimensional radial

distances xi at which all other distributions, either input

or calculated by the computer, are defined as existing.

In general, x. = r i/R, with the restrictions

x1  rh/R

Xl R/R=l,

where r = the distance along the propeller reference line

from the shaft axis to the ith section,

rh = propeller hub radius, and

R = propeller tip radius.

Propeller Wake

The radial distribution of the axial wake (1-wx) which

varies with propeller diameter is also required input

data. The circumferential mean of the axial velocity

distribution (l-w ) is obtained from a wake survey
c

without the propeller operating. However, the (l-wc)

wake distribution must be corrected for the propeller

action. No completely satisfactory method is presently

available to obtain this correction, but an approximation

of the radial distribution of the wake (l-wx) with,

the propeller operating is obtained as follows:

t(

10
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Wake distribution

(1-wx ) k= --T ) (l-w c ) ))/(l-w V) (3)

where (1-wc) = radial distribution of the circumferential
C

mean wake from wake survey data,

(l-w T ) -effective wake from self propulsion data

(l-wv) volume mean wake, (2/(l-xh))I' (l-w x ) xdx,
h

R = propeller radius,

r = propeller local radius,

r W propeller hub radius,

x = nondimensional radial distance (r/R), and

xh - nondimensional hub radius (rh/R).

The propeller wake distribution may also vary with propeller

diameter depending on the hull characteristics of the vessel.

Advance Angle Distribution Option

The advance angle distribution (tano) defined as

V(l-w )/(7rnDx) is normally calculated on the computer forx

the case where the propeller wake (1-w ) from Equation (3)
x

sufficiently represents wake in the plane of. the propeller

being designed. For most single screw propeller designs

this approach gives goo$ performance predictions. If a

propeller operates inside a duct or in the vicinity of another

propeller as in the case of tandem or contrarotating propellers,

the axial (w /V) and tangential (wt/V),velocities induced
a a

by these additional sources can be accounted for using

7, 7g1



different methods. For contrarotating propellers, the

propeller interference velocities are computed using Kerwin's

field point velocity program described in Reference S in

the following manner:

tanO (l-w)+w/V)/((X/)-W /V) (4)

where wa/V = axial velocity induced by forward and aft

propellers on each other,

wt/V = tangential velocity induced by forward andt

aft propeller on each other,

= advance ratio based on ship speed, V/(nD)
s

V = ship speed, and

D = propeller diameter.

It can be seen from Equation (4) that for the case where

(wa/V) and (wt/V) values are specified as zero, the advance

angle tan$ is calculated in the usual manner when designing

single screw propellers.

Hydrodynamic Flow Angle

The hydrodynamic flow angle distribution (tan$I) can

be specified as input. An option is included So Lerba'

optimum tanB1 distribution10 can be calculated by the com-

puter as follows:

12



tans I M (tanS/n i ) (I-WT)/(*-wx })i 2 (5)

where Ti = propeller ideal efficiency

tanB = advance angle distribution.

Lerbs' optimum tau81 distribution usually results in optimum

prcpeller efficiency. If other factors such as cavitation,

strength and vibration are considered, the input of an

alternate tan81 distribution may be desired.

Static Head

The static head (H) at the shaft centerline

is required input. This parameter (H) is defined as

H +H -H , where H is the shaft submergence, H is the
s a v s a

atmospheric pressure, and H is the vapor pressure of fluid
V

which is normally small compared with H and may be neglected.
a

The static head (H) is used to calculate the section cavitation

number (a) in Equation (25) and the Burrill cavitation number

00.7 of Equation (30).

Blade Outline and Expanded Area Ratio

The blade outline (c/D) and expanded area ratio (AE/AO)

must be input for the design. An expanded area ratio (AE/AO)

is calculated on the computer according to:

13
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Expanded Area Ratio:

A/A(o (2Z/1T)1 c/D dx (6)
h

where c = chord length,

c/D = nondimensional chord length

Z = number of blades

The final blade outline and expanded area ratio should

be chosen to give satisfactory propeller strength and cav-

itation characteristics.

Blade Thickness to Chord Ratio

The input of maximum thickness to chord rat'o (t/c)

values allow an estimate of the propeller principal stresses

(see The Propeller Stress Calculations Using Beam Theory

10section discussed later) based on beam theory to be

calculated during the preliminary design stage of the pro-

pellers. From a rough estimate of the blade outline (c/D)

for the final design and an estimate of the radial distribution

of thickness (t/D) based on fatigue strength 10 , the following

equation can be used to obtain initial (t/c) input values:

Blade Thickness Ratio:

t/c (t/D)/(c/D) (7)

where t/D = radial distribution of thickness (can be estimated

from Reference 10.

(
14
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Rake and Skew

The rake angle at the blade tip (8R) and the skew angles (8 )

for a design are specified to permit adequate predictions

of principal propeller stresses using the beam theory method

described in Reference 10 and discussed later in the Propeller

Stress section of this report,

The rake (0R) is defined consistent with Reference 14

as the distance from the propeller plane to the generator

line in the direction of the shaft axis. Aft displacement

is considered positive rake.

Since the skew angles (0S) significantly affect propeller

unsteady forces, a computer program based on the unsteady

contrarotating propeller lifting surface theory of Reference 15

can be used to select the skew angles (eS) for the design.

The input skew angles (6S) in degrees are defined as the

angular displacement of points on the blade reference line

* from the propeller reference line in the projected view.

14. Cumming, R.A., Dictionary of Ship Hydrodynamics - Propeller
Section, 14th International Towing Tank Conference
1975, Report of Presentation Committee, Appendix VII, 1975

15. Tsakonas, J. and Jacobs, W.R., "Counterrotatihg and
Tandem Propellers Operating in Spacially Varying, Three-
Dimensional Flow Fields," Davidson Laboratory, Stevens
Institute of Technology Report 1335, September 1968

~i~'4
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Section Drag Coefficient

In order to account for viscous effects when predicting

the performance of a propeller, the section drag coefficient

(C D) must be specified as input. A section drag coefficient

(C ) value of 0.0085 usually gives reasonable estimates
D

of model propeller drag for propeller shapes normally used at

DTNSRDC in the past. For propellers having very thick blades,

the following equation, available as an input option on

the computer, and derived as a function of maximum thickness

(t/c) values using experimental data-from HACA 66 type

16,1-7section ' , will give a better estimate of the section

drag coefficient (CD):

Section Drag Coefficient:

where CF is the frictional resistance of the section, e.g.,,

CFO : 0.008 for Reynolds number of approximately 106 and

C F 0.004 for Reynolds number of approximately 10

Options for using alternate nonlinear CD distributions, or

a constant CD distributions are also available.

Lerbs Axial Distance Factors

It was noted earlier that Lerbs' axial distance factors

(ga ), rather than the use of the more correct propeller-

induced velocities from Reference 8, were used to obtain
16. Abbot, Ira H. and Von Doenhoff, Albert E., "Theory,

of Wing Sections Including a Summary of Airfoil Data,"
Dover Publioation Inc., New York, Library of Congress
Catalog No.: 60-1601, 1949

17. Hoerner, S.F., "Fluid-Dynamic Drag," Published by the
author, Midland Park, New Jersey, 1965

X6
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contraction of the slip stream and the aft propeller diameter

in order to minimize core size and running time of the computer

program. The ga values from Reference 1, plotted as a function

of propeller radius and spacing between propeller blade

center lines, are presented in Figure 3.

DESCRIPTION OF OUTPUT DATA

Lerbs' lifting line theory is used to calculate the

propeller lift coefficient (C , nondimensional circulation

(G), hydrodynamic flow angle (BI ), axial induced velocity

* (UA/2V), and tangential induced velocity (U '2V). These

lifting-line calculations take into account viscous drag

(: >effects on the propeller by specifying as input in the

computer program the propeller section nondimensional chord

length (c/D) and section drag coefficient (CD). A method

for obtaining values for c/D and C is discussed in the

Description of Input Data section of this report. With

these parameters available, the necessary design and per-

formance prediction parameters for contrarotating propellers

can be obtained.

Thrust and Power Loading Coefficients, and Propulsive Efficiency

The new contrarotating propeller design computer program

calculates the thrust (CTS) and power (CpS), loading coefficients

based on ship speed' and the estimated propulsive efficiency (%)

17
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for these propellers in the following manner:

Thrust Loaditig Coefficient:

ICTS )fwdaft l $h-ctanBi)/(dCTsi/dx)dx=T/((p/2)IR 2V2) (9)
e h

(CTs) CR = (CTs)fwd + (Raft/Rfwd )  (CTsaft (10)

Power Loading Coefficient:

(Cpef fwdf 1 (l+e/tani )(dC /dx)dx=P /(P/2)RR 2 V3 ) (11)
Pe fdaft x h I ps sY 2

(C ) (C ) + (R/R' 2C(2
PS CR Ps fwd + aft/fwd Cps aft (12)

Propulsive Efficiency:

(rD)CR=(l-t) CTs/CPs=PE/PD (13)
e

where based on ship speed

(C Ts) DZSIGN (p/2) itR2 V2 )

(Cp) DESIGN=Ps/( (p/2) iTR2V 3)

fwd,aft = subscripts for forward and. aft propellers,
respectively

CR = subscript for the set of contrarotating-propellers

CTSi = nondimensional inviscid local thrust loading
coefficient, 4ZG(x/X s-UA/2V)

Cps i = nondimensional inviscid local power loading
coefficient, (4Z/X S )xG((l-w +UT/2V))

G = nondimensional circulation from lifting line theory

UA/2V = axial induced velocity from lifting line theory

UT/2V = tangential induced velocity from lifting line theory

V = ship speed

p = density of fluid

i '18'



The calculated thrust (T) is obtained from Equation (9)

and the shaft power (PS) in calculated using I2quation (11)

for each propeller.

Other parameters useful in designing and evauating

the performance of propellers include the advance coefficient

(J), ship speed advance coefficient (Vthrust coefficient

(K T), torque coefficient (KQ ), ment due to thrust Kb#

moment due to torque (MQ ,moment parallel to section nose-

tail line (Morament perpendicular to the nose-tail line

(M y ), and the blade loading distribution (LI). These

par~ameters are calculated as follow3:

Advance Coefficient:

JNV(l-wT)/(nD)-V /(nD) (14)

Ship Speed Advance Coefficient:

Jv=V1/(ntD) (15)

Thrust Coefficient:

K -T/(pn D) z(1TC/8) J 2(16)
T T V

Torque Coefficient:

2 5 3
KQ-Q/(Pn D )in(Cps/1 6 )Jv (17)

Moment Due to Thrust:

19'
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Moment Due to Torque:

MQb(x) -( f1R 3V2/(2z) 15. (x-x) (tanBi+c) (dCs i/dx)dx (19)

Moments Parallel to Section Nose-tail Line:

Mxo (x)=MTbcos+MQbsint (20)

Moment Perpendicular to Section Nose-tail Line:

M o MTbsint-MQbcost (21)

Blade Loading Distribution:

LI(x)=cV2 C2 (22)r L

where x,x =propeller nondimensional radial stations, r/R and ro/R
00

= propeller pitch angle ( =81 in computer program)

Vr =section inflow velocity, /.(l-wx)+UA/2V) + (X/)-UT/2V)-

PROPELLER STRESS CALCULATIONS USING BEAM THEORY

A propeller blade must contain enough material to keep the

stresses within a blade below a certain predetermined level.

This level depends on the material properties with regard

to both steady-state and fatigue strength and to both mean

and unsteady blade loading. The material selection controls

the allowable stress level and the blade chord, thickness,

rake and skew are the main parameters which control the

blade stress for a given blade loading. Stresses based

on beam theory10 in the prdpeller blade are cdmputed for

each propeller. Both hydrodynamic and centrifugal loadings

-20
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Iare considered. Effects of rake and skew are included,

In this stress calculation procedure, the propeller blade

is represented as a straight cantilever bean of variable

croes-section without camber. Experimental results show

that the neutral axis of an airfoil section lies approximately

along the mean line, so camber is not considered in the

stress calculations presented. Only the maximum principal

stresses calculated at the mid-chord of each section are

printed as output in the computer program. Stresses for

7the final design should be calculated by finite element

techniques if rake and skew for the propeller differ

from usual propeller shapes.

PARAMETERS FOR MAKING BLADE SURFACE CAVITATION CHECKS

'Brockett's theoretically derived incipient cavitation

charts of Reference 13 can be used to predict the blade

surface cavitation characteristics of each propeller once

the lifting-line calculations have been completed. The

two-dimensional camber-to-chord ratio (fm/c), ideal angle

of attack in degrees (ai), section cavitation number (or)

nondimensionalized with the section inflow velocity (Vr),

and the maximum and minimum fluctuating angles of attack

( ax,an) in degrees are parameters-that must be determined

before Br6ckett's ihcipient, caVitatioh charts 'can be used

21



These parameters are calculated as follows:)
Section ??aximum Camber to Chord Ratio for NACA a'*O.8 Meanline:

fM'C- 0.0679C L (23)

Section Ideal Angle of Attack in Degrees for NACA a0O.8 Heanline:

a, = 1.54 CL (24)

Section Cavitation Number:

a=2g (H-xR) Vr 2  (25)

where g =acceleration due to gravity

H = static head at shaft centerline (see section on

Static Head)

V = inflow velocity of each propeller section.
r

The maximum and minimum fluctuating angles of attack

(aait in ) in degrees are calculated using the method derived

by Lerbs and Radier in Reference 18. These calculations

can be made using the following equations:

Maximum Fluctuating Angles of Attack:

ff ma (-A-) F W (26)

Minimum Fluctuating Angles of Attack:

Otmn - (+AB)F(x) (27)

where -AO = maximum effective angle of attack in degrees

(from-wake survey data)

+Aa minimum effective angle of-attack in degrees

(from wake survey data)

18. Lerbs, H.W.4 and Rader-, H.P.., "Uber der Auftriebsgradienten
von Prof ilen im Propeller Verband,- Schiffstechnik,
Vol. 9, No. 48, p 178-180, 1962

'22,
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The parameter F(x) in Equations (26) and (27) Is

depensdent on the hydrodynaici flow angle (g) "he advance

angle (8) and the lift coefficient (C ), and is calculated

on the computer using the following equation:

F(x) l /(+Zlrtan(O1 B/L (28)

The Burrill Cavitation Charts 2 can also be used to give

an approximate check on the cavitation performance of pro-

pellers. Burrill's thrust loading coefficier1 ( Cc ) and

cavitation number (%07 ) at 0.7 radius, defined as follows,

are parameters that must be known in order to itse these

cavitation charts:

Burrijll Loading Coefficient:

Tc T/f(p/2)A P(V(lwx.0.7) )2+(0.7nnD)2 1 (29) £

Burrill Chvttation Number at 0.7 Radius:

007 s2g;H/{(V(l-w 07))+(. 71rnD) 2 1 (30)

R
where A. propeller expanded area, rh c dr

AO propeller disc area, rT02 14

AP = propeller projected area, (1.067 - 0.229CP/D))A

(PlD) - estimated propeller pitch ratio at 0.7 radius,
estimated as 0.7nTtan81

Keller's method of predicting the minimum expandod a':ea

ratio of the propeller is also calculated on the computer.

~Copy avcdlczb~e to DDO dloas Wi~
.23 p~ntujlegibie! reproduction
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The minimum expanded area ratio, based on eliminating back

bubble type cavitation, is computed as follows:

(AE/AO)K ( (2.6 + 0.6Z)K /{o 0 .7(2 + (0.7n) (31)

where K = 0.2 is used for single screw ships with manganese-

bronze propellers having rake of approximately 10 degrees,

K = 0.10 is used for twin-screw ships with copper-aluminum-

bronze propellers, K = 0.15 is used for twin-screw ships

with manganese-bronze propellers, and K = 0 to K - 0.05

is used for propellers for fast ships such as destroyers

and frigates. The constant, K = 0.15, was used in developing

this computer program. If a eifferent value of K is desired,

the expanded area ratin caculated in Equation (31) should

be adjusted to account for changes in the value of K.

Chord Lengths for Lifting Surface Pitch and Camber Calculations

The final pitch and camber for each propeller can be

calculated using Nelson's computer program, presented in

Reference 4, based on lifting surface theory for contrarotating

propellers. However, Nelson has shown that in some cases

lifting-surface interaction effects of contrarotating propellers

are small. If this is the case, single propeller lifting

surface theory from References 19, 20, 21, and
19. Kerwin, J.E., "The Solution of Propeller Lifting-Surface Problems

by Vortex Lattice Methods," Department of Naval Architecture and
Marine Engineering, Massachusetts Institute of Technology,
Cambridge, Massachusetts, 1961

20. Kerwin, J.E. and Leopold, R., "Propeller Incidence Correction

Due to Blade Thickness," Journal of Ship Research, Vol. 7, No. 2,
1963, p 1, 6

21. Cheng, H.M., "Hydrodynamic Aspects of Propeller Design Based On
Lifting-Surface Theory: Part I - Uniform Chordwise Load Dis-
tribution," David Taylor Model Basin Report 1802, 1964
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22 can be used to calculate the final pitch and camber for

each propeller. These programs require as input the section

chord length, (c/R)LE and (c/R)TE nondimensionalized on

propeller radius, in terms of the skew angle (IS), hydrodynamic

flow angle (8 and blade outline (c/D). The parameter

(c/R)LE and (c/R)TE measured from the leading and trailing

edges to its reference line, respectively, are calculatid

in the following manner on the computer:

Chord Lengths Measured from Blade Leading Edge:

(c/R)LE 2 xs /(57.296 cos8 I) - c/D (32)

Chord Lengths Measured from Blade Trailing Edge:

(c/R)TE = Xs/(57.296 cos8) + c/D (33)

SPACING BETWEE- BLADES AND FILLETS

Propeller designs should have enough clearance between

blades at the hub so fillets can be properly applied. Hill23

derived the following equation which is used in the program

to estimate spacing between blades Gz at the hub without

fillets:

GZ  (27rh)/Z - (t)/sin (34)

where 4 is the propeller pitch angle (41=81 in computer program).

Based on a number of full-scale propellers built with standard

fillets, Hill's blade clearance equation was modified

the following manner to estimate spicing GF between fillets
22. Cheng, H.M., "Hydrodynamic Aspects of ,Prpeller Design

Based On Liftinf-Surface Theory: Part II - Arbitrary Chordwise
Load Distribution," David Taylor Model Basin report 1803, 1965

23. Hill, J.G., "The Design of Propellers," Transactions
of the Society of Naval Architects and Marine engineers,
Vol. 57, 1949
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at the hub during the preliminary stage of the design.

GF = (2rr h)/Z- (.9th/sin )  (35)

A layout of blade sections is recommended as a final fillet

clearance check.

PROPELLER WEIGHT AND CENTER OF GRAVITY

The approximate propeller weight (W ) and location

of center of gravity (CG) from the propeller center line

is also calculated for each design. In order to make

these calculations, the specific weight of the material

(pP) must be specified as input. The propeller hub is

assumed to be a circular cylinder of equal length and

diameter. The propeller center line is located at the mid

length of the propeller hub and no allowance is made for

the propeller bore or blade root fillets in these calculations.

The weight (W ) for each propeller is calculated as follows:
P

Propeller Weight:

Wp = WB + WH  (36)

where WBweight of blades, %Zj a(x)dxWB  hh

WH P 1weight of 'ub, 14(pDH)

D H  =hub diameter

a(x) area of section at radius x, 2c(x)t(x 1t(x,xz) dx

c(x) - chord length of section at radius x

t(x) = maximuo thickness Of section thickness

wiu26

6"1i 1-77-1 tI



t(x,xt) = chordwise distribution of section thickness

(NACA 66 modified thickness form is used in program)

x = nondimensional coordinate along the section chord

(r 91c)

Pp specific weight of material considered

The propeller center of gravity (CG) with respect to the

blade center line, where plus values represent the distance

ahead of the center line and negative values aft of the

center line, is calculated in the following manner:

Center of Gravity:

CG = Mp/Mp (37)

where M = moment of the propeller, pm Zff a(x) B(x) dx

B(x) = distance of center of gravity from propeller

center line, y cos$ + x sins - 9s x R tans - R x + dH/2

x = longitudinal center of gravity along chord line

y = vertical center of gravity perpendicular to chord line

9 = rake angle in radiansR

0 = skew angle in radianss

= pitch angle in radians, (d = 1 is used in the program)

COMPUTER PROGRAM

-.- A new computer program has been derived for the preliminary

design of contrarotating propellers using the CDC 6400, 6600 and

6700 computers at DTHSRDC. A core storage of approximately

27



128,000 octal is required for the computer program, and it takes

approximately 4 minutes to compile the computer program.

The actual running time per case using the design thrust

option is approximately 6 minutes and when the design shaft

horsepower option is used, the running time is approximately

9 minutes. A detailed description of the input and output

formats for the computer program is presented in Appendix

A, and a FORTRAN listing of the new computer program is

shown in Appendix B.

PROPELLER DESIGN THRUST AND POWER OPTIONS

The thrust option can be used to make lifting line

calculations for propellers required to produce a given

thrust at specified values of speed and rpm (this is accomplished

by adjusting the input tang1 distribution), or the power

option can be used if the propeller is required to absorb

a specified power at a given rpm (in which case the speed

is determined).

From each calculated power, a new value of speed (assumed

to vary as the cube root of the ratio of the design and

calculated pov.er) is obtained and its corresponding effective

power is obtained from the effective power input curve.

Design calculations again produce a new calculated power,

and the process continues until the closeness criteria of

design and calculated power is satisfied (two iterations

are normally sufficient). Smaller increments of input speeds

in general cause faster convergence.

28
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4Once the basic shape of the distribution is defined

(see the Hydrodynamic Flow Angle Distribution section) the

final tanB distribution K4 tan81 is determined using the

thrust or power options, by making lifting line calculations

of three nondimensional thrust loading coefficients (C Ts) i

(CTs)2' and (CTs)3 that correspond to three hydrodynamic

pitch distributions, K tan 2 tanBI , and 3 tanS where
1 1' K2 ta~,adK 3 taSwhr

K1 0.97S, K2 = 1.0, and K3 = 1.025. Once these calculations

are obtained, the following system of equations are set up:

(C A + BK + CK 2

Ts 1 1

(C A + BK2 + CK
2

Ts) 2  2

(C A + BK + CK 2
Ts3 3 3

from which values of A, B, and C are obtained. Then, values

of A, B, and C are substituted in the following equation

to obtain the value of K4.

C A + BK + CK 2
Ts 4 4

where CTs = design thrust loading coefficient (Equation 9).

DESIGN CALCULATIQNS OF A SAMPLE SET OF CONTRAROTATING PROPELLERS

Design calculations are shown in Table 1 for a sample

set of contrarotating propellers with 7 blades and an expanded

area ratio (AE/Ao) of 0.293 for the forward propeller, and

6 blades with AE/AO = 0.365 for the aft propeller. These

propellers were designed to operate in a wake with a thrust

loading coefficient based on ship speed (CTs) of 0.265 and

an advance coefficient (J) of 1.235. Both propellers had

a 100 percent linear skew distribution resulting in 51.4

29
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and 60 degree blade tip skew angles for the forward and

aft propellers, respectively. Solid and dashed lines in

Figures 2 through 8 show calculations obtained using the

old design method1 '2'3 and the new computer program,

respectively. These fignres show that the radial distribution

of the hydrodynamic pitch (7rxtanSi), nondimensional circulation

(G), axial (UT/2V) and tangential (UT/2V) induced velocities

calculated using both methods differed significantly,

especially for the aft propeller. The thrust loading coefficient

(CTs), power loading coefficient (CPS) and propulsive

efficiency (nD) calculated for the sample set of contra-

rotating propellers using the old and new methods are printed

in Table 2. Results in Table 2 show that the old design

method predicts similar thrust (CTs) and power (CPs) loading

coefficients for the forward and aft propellers where as

the new design method predicts that the aft propeller CTs

and C values are significantly higher than those calculated

for the forward propeller. The propulsive efficiency (n

of 0.886 predicted for the sample set of contrarotating propellers

using the new method is approximately 2 percentage points

lower than the n D value of 0.912 calculated using the old

design method. Performance predictions using the new design

method should be more accurate than the predictions made

using the old design method because of the improved methods

of accounting for the propeller interaction effects.

0
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RCOMDATIONS

The following investigations should be carried out in the

future in order to better design and predict the performance

of contrarotating propellers:

1. Utilize induced velocities derived by Kerwin in

Reference 8 to obtain more exact calculations for

contraction of the slip stream and the aft propeller

diamaeter. This subroutine should be reprogrammed to

significantly reduce the running time presently

required to make it practictal for use in the contra-

rotating propeller design computer program.

2. Include the effects of the, hull radial induced

velocity as an input option in the contrarotating

propeller design procedure.

3. Conduct model propulsive and cavitation experiments

on a set of contrarotating propellers to validate the

design procedure.

4. Options for specifying noncylindrical hubs, arbitrary

propeller locations and allowances for the propeller

bore hould be added to the program presented to

improve the predictions of propeller weight and center

of gravity.
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4 TABLE 2

THRUST AND POWER LOADING COEFFICIENTS AND PROPULSIVE EFFICIENCY

CALCULATED USING THE OLD AND NEW DESIGN METHODS

Performance Predictions Old MethodI1 2'3  New Method

Thrust Loading Coefficient 0.137 0.133
(CTS) fwd

Thrust Loading Coefficient 0.137 0.141
(CTs aft

-Thrust Loading Coefficient),0.265 0.265

Ts CR

Power Loading Coefficient 0.113 0.108
(C )
Ps fwd

Power Loading Coefficient(C0.116 0.128
(s) aft

Power Loading Coefficient 0.222 0.229
(C )Ps CR

Propulsive Efficiency D CR 0.912 0.886

$45
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APPENDrX A

INPUT AND OUTPUT FORKATS FOR, THE COMPUTER PROGRAM DEVELOPED
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TABLE 1

List of dimensioned i-put and output parameters used by

computer program based on English and S1 units

Parameter English Units SI Units KSI

Shaft power (Ps) hp KW 0.7457

Effective power (P hp KW 0.7457

3 3p bm/ft3  kg/m 16.01846

V knots (2) m/1 0.514444

V ft/sec knots (2) 0.5924

D ft m 0.3048

H ft m 0.3048

2 4 3P lbf sec /ft kg/m 3  515.3788

n rev/min rev/min (3) 1.0

T, weight lbf N 4.44822

Vr ft/sec m/s 0.3048

LI lbf/ft N/m 14.5939

MTb in lbf Nn 0.112985

MQb in lbf Nn 0.112985

M in lbf Nn 0.112985

M in lbf Nn 0.112985
yo

Max Stress lbf/in2  Pa 6894.757

SKEW deg deg (3) 1.0

RAKE deg deg (3) 1.0

Mass polar moment ibm in2  kgm 2  0.00029264
of INERTIA

(1) Multiply English Units by KSI to get SI Units.
(2) Computer program uses knots in both English Units option

and SI Units option.
(3) These are not SI Units but are permitted to be used in the

SI system according to International Standards Organization (150)
Standard No. 1000.

A7
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APPENDIX A

INPUT FORMAT (FORWARD PROPELLER)

Card No. Format Parameter Description of Input

1 F8.6 d/R Axial distance between the
forward and aft propeller
planes nondimensionalized
on forward propeller radius.

2 12A6 Identification of design
input data.

F8.4 PS or 0.0 Input the design shaft powerif the power option is used.
Input 0.0 if the design
thrust option is used (see
the section on the propeller
design thrust and power

its options).

4 F8.4 1.0 or 5.0 Number of different speeds
(V) and effective power values
to be punched on Cards 5

and 6, respectively. Input
1.0 for the thrust option
and 5.0 for the power option.

Specific weight of propeller
material (Pp) for weight
calculations.

5 F8.4 V Design r'peed (V). For the
power option, input five
different speeds in increasing
order with the third speed
being the best estimate
of final speed. Input one
speed for the thrust option.

6 F8.4 Design effective power values
£ corresponding to input speeds

on Card S. (See Equation

P"
° (1)).



Card No. Format Parameter Description of Input

7 F8.6 D Propeller diameter (t))

(l-wT) Effective wake (l-vT)

(l-t) Thrust deduction (1-t)

H Static head (H) at shaft
centerline. (See section
on Static Head).

P Density of water (p)

Skew Angle For a linear skew angle
(6~ Option distribution input percent

s of skew in decimal form.
For -nonlinear skew input
-1.0 and the skew angles
in degrees (0 s ) must be
punched on Cards 22 and
23.

0 Rake angle at blade tip
R in degrees. Use +e value

for blades raked aft and
-0Rfor forward rake.

8 F8.6 1.0 Input 1.0

CD Use CD>l0 to input the radial
distribution of drag coefficients
(CD); O<cD<l0 to input a constant
drag CD=CD at all radial stations;
CD=0 causes the computer program
to calculate the radial distribu-
tionof drag coefficients using
the equation CD-0.008(1+1.25(t/c)
+125(t/c)4); -l0<CD<0 causes the
computer program to use a constant
frictional resistance CprjfiBS(CprO)
in Equation 8, CD=CFO(1+l.25(t/c)
+125 (t/C)4 ); CD<-l0 to input the
radial distribution of frictional
resistance (CFO).. values to be used
in Equation 8.

tan$ Option input 0.0 if tanB is calculated
0.0 or 1.0 on the computer in the norii l

manner. Input 1.0 if tan$
distribution is arbitrary,
and puinched on Cards 26
and 27'.

- 77
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Card No. Format Parameter Description of Input

9 F8.6 2 Number of blades

10 F8.6 AE/AO Expanded area ratio

11 F8.6 n Revolutions per unit time

12-13 F8.6 x Nondimensional radial station
(eleven values arbitrary
spaced from propeller hub
to tip)

14-15 F8.6 (l-wx ) Propeller wake (l-wx ) cor-responding to input x values

16-17 F8.6 tan1 Tangent of hydrodynamic
flow angle (tanBI) corresponding
to input x values. If Lerbs
optimum tanB distribution
is desired, 0.0 values must
be punched in these cards

18-19 F8.6 c/D Section chord lengths correspond-
ing to input x values

20-21 F8.6 t/c Thickness-chord ratios
corresponding to input x
values

22-23 F8.6 e Optional Blade skew angles corresponding
to input x values to be
input only if -1.0 for skew
option is punched in Card
7. Otherwise Cards 22 and
23 must not be used as input
cards.

24-25 F8.6 CD Optional Section drag coefficient cor-
responding to input values if

CD>10 on Card 8; frictional re-
sistance of section if CD<I0.

.M



Car-d No Formsat Parameter Description of Input

26-27 P8.6 tanS Optional Tangent of advance angle
corresponding to in'PUt xc
values to be input only
if 1.0 for tan8 option is

punched on Card 8. other-
wise Cards 26 and 27 must

not be Used as input.

28-29 F8.6 9Distance factors (g
a corresponding to Onut x

values from Reference 1
and Figure 1.

1 51
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II

INPUT FORMAT (AFT PROPELLER)

Card No. Format Parameter Description of Input

30 12A6 Identification of design
input data.

31 F8.4 PS or 0.0 Input the design shaft power
delivered at the propeller
if the power option is used.

Input 0.Oif the design thrust
option is used (see the
section on the propeller
desigh thrust and power
options).

32 F8.4 1.0 or 5.0 Number of different speeds
(V) and effective power
values to be punched on
Cards 33 and 34, respectively.
Input 1.0 for the thrust
option and 5.0 for the power
option.

Pp Specific weight of propeller
material (pM) for weight
calculations.

33 F8.4 V Design speed (V). For the
power option. Input five
different speeds in increasing
order with the third speed
being the best estimate
of final speed. Input one
speed for the thrust option.

34 F8.4 PE Design effective power values
corresponding to input speeds

on Card 33. (See Equation (1)).

35 F8.6 0.0 Input 0.0 for aft propeller
diameter which is calculated
on the computer.

(lwT) Effective wake (1-wT)

(lwT) Thrust deduction (l-t)

52
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Card No. Format Parameter Description of Input

H Static Read (H) at shaft
centerline. (See section
on Static Read).

0 Density of water (0).

Skew Angle For a linear skew angle
(0 ) Option distribution input percentof skew in decimal form.

For nonlinear skew input

-1.0 and the skew angles
in degrees (e ) must be
punched in Cards 50 and
51.

aR  Rake angle at blade tipin degrees. Use +6 value

for blades raked aft and
-eR for forward rake.

36 F8.6 1.0 Input 1.0

CD Use CD>l0 to input the radial
distribution of drag coefficients
(CD); 0<CD<l0 to input a constant
drag CD-CD at all radial stations;
CD=0 causes the computer program
to calculate the radial distribu-
tion of drag coefficients using
the equation CD=0.008,i+l.25 ((t/c)
+125(t/c)4) ; -10<CD<0 causes the
computer program to use a constant
frictional resistance CFo=ABS(CFo)
in Equation 8, CD=CFO(l4l.25(t/c)
+125(t/c)'); CD<-l0 to input the
radial distribution of frictional
resistance (CFO) values to be used
in Equa-tion 8.

tans Option Input 0.0 if tan8 is calculated
S0.0°or 1.0 on the computer in the normal

manner. Input 1.0 if tan8
distribution is arbitrary
andpurched on Cards 54
and 55.

37 F8.6 Z Nuiiber of blades

38 P8.6 AgAO Expanded area ratio

53-
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Card No. Format Parameters Description of Input

39 P8.6 n Revolutions per unit time

40-41 F8.6 x Nondimensional radial station
(eleven values arbitrarily
spaced from propeller hub
to tip).

42-43 F8.6 (1-W) Propeller wake (1-w ) cor-
X responding to inputXx values.

44-45 P8.6 tan$ Tangent of hydrodynamic
flow angle (tar. I) corresponding

to input x values. If Lerbs
opcimum tanS distribution
in desired, 6.0 values must
bi punched in these cards.

46-47 F8.6 c/D Section chord lengths corresponding
to input x values.

48-49 P8.6 t/c Tl.ickness-chord ratios
corresponding to input x
values.

50-51 F8.6 s Optional Blade skew angles corresponding
to input x values to be

input only if -1.0 for skew
option is punched in Card
35. Otherwise Cards 50 and
51 must not be used as input
cards.

52-53 P8.6 CD Optional Section drag coefficient cor-
responding to input values if
CD>l0 on Card 8; frictional re-
sistance of section if CD<I0.

54-55 8.6 tan8 Optional, Tangent of advance angle
corresponding to input x
values to be input only
if 1.0 for tan8 option is
punched on Card 8. Otherwise
Cards 54 and 55 must not
be used as input.

54:



TABLE I

A DESCRIPTION OF THE OUTPUT PARAMETERS

Computer Parameter Description of Output
Parameter

V V Speed (input)

Pe P E Effective power (input)

D D Diameter (input)

Z Z Number of blades (input)

H II Static head (input)

RHO P Density of fluid (input)

AE/AO AE/AO Expanded area ratio (input or

Equation (6))

CPSI Nonviscous power coefficient

(Equation (11) when E=0)

CTSI Nonviscous thrust coefficient

(Equation (9) when E=O)

XI x Nondimensional radii x) )

DCTSI dCTsi  Local nonviscous thrust coefficient

(Defined in Equation (9))

DCPSI dC Local nonviscous power coefficient

(Defined in Equation (11))

CPS C Power loading coefficient (Equation (11))

CTS CTS Thrust loading, coefficient (Equation (9))

TANBI tans I  Tangent of hydrodynamic flow angle

TANB tan$ Tangent of advance angle

G G Nondimensional circulation

UT/2V UT/2V Tangential velocity induced, at
lifting line

UA/2V UA/2V Axial velocity induced at lifting
line

55C)
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IL
Computer Parameter Description of Output
Parameter

VR V Section inflow velocity, Equation (22)
r

SIGMAX a Section cavitation number, Equation (25)

CL CL Section lift coefficient

ALI ai Section two-dimensional ideal angle
i of attack in degrees for NACA a=0.8

meanline, Equation (24)

FM/C f M/c Section two-dimensional maximum camber
ratio for NACA a=0.8 meanline,

Equation (23)

CD/CL C Section drag-lift ratio ( =C D/CL

F(X) F(x) Parameter for calculations section
fluctuating angles of attack,
Equation (28)

i LI LI Propeller load distribution for finite

element stress calculations, Equation (22)

SKEW ANGLE 9 Propeller skew angle in degrees5

(C/R)LE (c/R)LE Chord lengths for liftinc surface
pitch and camber calculations,

Equation (32)

(C/R)TE (c/R)TE Chord lengths for lifting surface
pitch and camber calculations,

Equation (33)

T/R t/R Ratio of section thickness to radius

PC D Estimated propulsive efficiency,
Equation (13)

PS calculated shaft power delivered
at ,the propeller, Equation (13)

1-T (l-t) Propeller thrust deduction

l-WT (l-wT) Propeller effective wake.

56



Computer Parameter Description of Output
Parameter

TH(N) T Design thrust, Equation (9)

TH(N) T Calculated thrust, Equation (9)

A Area of section

XBAR Longitudinal position about x axis

parallel to nose-tail line from

centroid

YBAR -Vertical distance about y axis

perpendicular to nose-tail line

from centroid

IXO Moment of inertia about x axis

parrallel to nose-tail line

IYO Moment of inertia about y axis

perpendicular to nose-tail line

MTB MTb Bending moment due to thrust,

Equation (18)

MQB M Bending moment due to torque,
Equation (19)

MXO M Bending moment about the x axis,xo Equation (20)

MYO M Bending moment about the y axis,

Equation (21)

MAX STRESS ----- Maximum stress, Reference 10

RAKE ANGLE OR  Rake angle in degrees

PIXTANBI rxtanSI Hydrodynamic pitch angle

PIXTAS nxtano Advance angle

WEIGHT OF (Ws ) Equation (36), WH-0
BLADES

57(



Computer Parameter Description of Output
Parameter ______ _______________

WEIGHT OF (we) Equation (36)
PROP (BLADES
+- CYLINDRICAL
HUB)

CENTE.R OF CG Equation (37)
GRAVITY OF
PROP

CENTER OF Equation (37),
GRAVITY OF M-

BLADES

KELLERS ('AE/AO) K Equation (31)
MINIMUM EAR

SPEED J qain(5

COEFF(JV)VEqain(5

ADVANCE J Equation (14)
COEFF (JA)

ITHRUST K Equation (16)
COEFF (KT) T

TORQUE K QEquation (17)
COEFF (KQ)

PROPULSIVE TiDEqain(3

EFFICIENCY D
ETAD

BURRILL *TC Equation (29)
THRUST
COEFF (TC)

BURRILL (7 quation (30)
CAVITATION 0.7

COEFF

CLEARANCE G z Equation (34)
AT HUB
BETWEEN
BLADES

58
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Computer Parameter Description of Output
Parameter 7
CLUAR E AT Gr Equation (0)
HUB fl3MNW
FILLRTS

CTS (C~s) Thrust loadLnq coefficient for et of contra-rotating propellers (Equation 10)

CPS (C.73) CR Power loading coefficient for et of contra-
rotating prope.lers (Equation 12)

ETAD ( CR Propulsive efficiency for set of contra-D rotating propellers (Equation 13)

59 C
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APPENDIX B

FORTRAN LISTING OF COMPUTERt PROGRAM
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PROGRAIP GNAXN dINPUT,OUTPUTTAPE5=INPUTTAPr6=OUTPUTI
CO"40ON/CWEIGHT/X ,CHURDTHICI(NS#CA'lBE~qP ITCHp SKFWRqOI AM jZZ9 OEM toAKE

1,PIPP7,PPePP9,PP11,EWAKEVSFPSSIrI4A,EAR,3T
DIMENSICN B(3d,3i) ,ou~ten,2(1)e3(11csa4cs6?,35(36).3f)(36)

3,A(18,q13),181198141

tCCC, INDFX;AB'3
COMM.'ON It~'JBJCqJOJDOJFF
COWION CLlI(it)

CI'EW'ICN X3(f)qY4(3),tY5(38),tX633) VEL() EHP(9) :L(9) 9EXX(9)
0O --It rS I Cl AZZ(35vle)
C T ME NS ICN AbHP(q)
0 1MF N' I CN XMM (;)

DI MEN I CV CAV(,I ,CAcr9)

0 1MrN SI C N VELl(9),rH'1 ()
OI? ENSIEN C ( I114.?

OI1IF 14s i CN CON(113,2),CQ'(1,)

OTMENSIN SVX(1)DSP-'11

CO1ME N; CHONC11,L11),)v(1),NRC11)CUAF(119)pU119)~i19

0 1FE NS ICGN DEX .( I1 1CX4P( 12)

OIMENSICtJ AX(71) RK1)

DIMPNISTN CPT (2 ,CF() ,'~T (2)POP~igV1)3(
COMMON /W-EI),LTOT/ JP"DIlgCFR(I

0 1MrN OI M APF 19Y3 (7 3(Z(7 8.X ) F ) XC7))EM

0 )-;SI~t SX(7184

VIESICN HUBD144'.','

- FOMr(F8 4

X0= .. 0 ~



SIN:. 1129548
S HX=6 89'). 757
SWT=4 .44822
RHOSI=515*37SR

JG=0
00 613 Kxl,2
)RPH=1. 0

XEA~i#C
JG=JG*i

53 FOPMKT (12A6)

READ(S,1COOC) SPWR
S HPZ:S P WR/PW
REAO0C5,10aO9) YVV*0SN
HUB=Go
OEN=OSN/DSI

Ivvzxvv

PEAO(5,10009) (SVL(I),riiIvv)

READ(5910009) S0NEWAXEETHRUSSHDSROXPSPRAK-E
00 '.C9 Iz1,IlVV
VEL(I)=SVL(T)/VSI

4C9 EHPtI)=SPECI)lPWP
OIA=SOMfELF
PEAO=SHO/E-LF
RHO=SPO/RHOSI

IFISHP) 103,1029103
103 SIP=SHP/2.O

NX V V=XVV
IC? CONTINUE

PEAO(5,1CC09) TAN8ICOTANS
9(291)=CO
JC=il
IZZ=XZ7
IEA=XEA
READ(5,10009) (BIA (I) ,itzz)
3L ASSL A (1)
VEAO(5910G39)(EXX(I)9IzlvIEA)

PE AD(5 ,10 00 9) XMItxR
PEAO(5,10009) (X3(I)t44,jc)

PEAO(5,1CC39) (X5(I),I:1,JCI
PEAO(5,10009) tK$-(I),I:1,JC)
PEA0(5q19CG9) (AZZII,25h91=1,J
IF(YPS) 6,7,7

6 PEAO(5910009) (A7Z(I,24) ,I=i9JC)
00 26 I:1,JC

A26 CONTINUE
7 CONTINUE

IF(A8S(CO)*GE~iCo) REAO(5,10009) 8I7I.1JC
IF(C.GEiol.) GO TO ICOIC

TMmP(29,i)

62



IF(COsGT*0ol CFOxI.
IFfC0*GT.-1Ce *ANO*CO*LT*Col CFOw-CD
00 10007 IZ1,.JC

IF(CD.LE.-10*1 CFPzBtlv7)
10007 B(l,7)zCFO*PI
13 C I FOPMAT(724

10000 FOPHAT(F8.4)
10009 FOPMAT tFR.'d
10010 IF(TANR*LE.0.) PEANl5910039) (AtIS),I:1,JC)

IF(IOCP.NE*0) GO TO 5?
IF(K*NL.1) GO TO 57

5' CONTINU'

ntl( 1,1,K) :XRPM
00 8:2 I=1,IVV

0(11 ,2,K)=EWAKE
0(1 ,39K)= THRJS
0 (6 3,K) XPS
D(17 3 K) =SHP
O(9,3*KlzC)
0(1[,3,K)=TAN3

f(I2,,K)=oA

f(3,3,K)=PHO

0 ( 43, K) =XZ7
C(F,3, K) :EA
Of 8,3,K) =TANF3I
0(11,3,l()=DEN
01 11,4 ,K)=HU8
00 8:3 1=i*IZZ

Fig 4 0 Q 5,K) =EXX( 1)

00 8C5 I1,IFPM

00 eca TziJC
0( Iq ,p K) =X3 t I

n( I99K) =X5 (I)
0(I,10,K)zX6(I)

!F(XPS) 406,007,607

1501 I,12,K):AZ7 (1,24)
807 CONTINUE

00 SC9 I1,1JC

810 IF(TANF) 612,812,611
811 00 126 1=1,.JC
126 0(1,24,KlxB(1,81

63,
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al2 CONITINUE
OEX(iq1,K)z4s0
OIEX(2919K)11.,0

JTzii
611 CONTINUP

IC=-2
JN40

NF 0
NTT=D
IF(SHP) 90991,90

t 91 NX~v~t
90 00 10073 NK~igNXVV

105 C011T1NUE
NT=)

* NTT=NTT*1
IF(NK.GT.1) 100:2
00 101)72 NIT=19IDD

-' NT=4T*1

Ivq~xvv
XR0M=O(11IK)
IF(SNP) 152,152,153

* £53 IFCNTT*EO*NXVV+i) GO TO M5
152 CONTINUE

no 120 I~t,IVV
VEL(I ):O(1,1,1K)

820 EMP(I)zD(I,29IK)
151 CONTINUE

DO 1 I1,PIVV
CAV(I)=VFL(I)
GAE(I)=EHP(I)
D1A=0 (1Q,2,1K)
EWAKEf) (11;2,IK)
ETHRUS=O Q 939IK)

*HEAD0 (2 93 PIK)
RHOzO(3q3qiK)

XEA=0C593,IK)
XPS=0 (6,3t1K)

SH=(7,3,1K)
TAN31IO (8,3, 1K)
CD=O(9,3pIKI
TANS= 0 (10 v,3 91K)

00 821 I=IPIZZ

8?1 9LAS=BLA(l)
00 822 I=t1EA
EXM(I )=(I ,5PIK)

622 EXXS=FXX(i)
00 823 !-1,IRPI'

823 xmm'(i)0(IP6pIK)

-0444



00 824. 1=19JC
X I(I) zn( I pTIK)
X4( 1) =0 (1*8,91K)
XS(T (I , 19, 1K)
)(6(1) =D( 1,10, IX)

S2'6 AZZ(I,?5):fl(I,11,IK)

52s no) 127 I=1,J,
127 AZZ(1,?4d=fn(I,12tIle)
6'6 CONT14UE
q2? 00 128 I:1,JC

819 00 to I::1,JC

331 CONTINUE
"') 15 I=1,jC

ISA7Z(I,?3)=:X3 (I)

1)3 16 I=?,J':l

AZZ(1, 19)=Y1,

AZ'(, C .36) :AZZ (I, 5)
4 AZZ(I,937) AZZ(Ig,?3)

0') 10072 1 P I, I ZZ
3(9q2)=9LA tIE)
X5X:xPlc*(360*0/9.j2))

AS7=XSY-tS1
00 1'72 KE=19IFA
rlO 10072 Ir.P:1,IfPPP0
PP'4:X t'U ( IRP)
EAR=FXYf(Kf)
00 100 I:1,JC

8 (19 5 X (I)
IF(YFS) 11.11'9t3

AZZ(I ,24)=ASI*X3(I)P£S2
AZZ(1, 2'.)=:0
r0 TO 166

166 CONTINUE
AZZ(IP, 8)=AZZ(I#?4)

III CONTINUE
no) 1005t LF=1,JC

19051 6(LE,6)z(8LAS#*EAP*X6(L.))/(8(9,?)EXXS)
0O 10052 LE:1,JC

10252 AZZCLE,25)=AZZ(LEP36)*8(LE*61)
'30 30 12199
VEL (I) CAV(I)

30 F1P(I):CAE(I)
8(5p2)=WMMQCRP)/60*0
IVVZxvv
IVA:1

657 7777



100'.6 IF(SHPI 51,52,51
52 00 53 IGzl,IVV

VELl(IG)=VFL(IG)
53 EHti(IG)zEHP(IG)

UI~z
GO 10 54

51 CONTINUE
IV: £
IF(NTT.EQ*NXVV+1) GO TO 155
VELI ( )=VEL (NK)

GO TO c;4
155 VELi(i)=VEL(1)

EHPl( 1)xEtP(1)
54. CONTINUE
21 00 5 I=1,11

AZZ(I ,25)=AZZ(rI,36)
5 AZZ(Iv?3)=AZZ(It3Y)

8(6,2)=(325.86#EHPI(IV))/(VEL1(IV)*ETHRUS)
8(79 2):1*6$8VELi(IV)
AJJ~ie 0

JB:5J
10002 FORM4AT( 313)
10003 CONTPWE

JEE=1 AN3I

.1 P636T1)=1.0
JO=,666f67#FLOAT (JC)

(1,j*)=f*0

6 (2,01 aC0

8(7,1) :9.0

BC 3 ,2) :RHo
9(59i1=EWAKE
!3(392)=OIA
6(4,2 ):HEAO

i001? CONTINUE
IF(B(5,1)) 800,800,801

800 q(5,1h=8(JDI.)
801 CONTINUE

00 100ia1:1,JC
1001.8 S(I9,)=4RS0ASQPTAB(5 ,1'QTBI4)/8i3~(,A
i0019~ NN=:N*1

HU9L=X3(i)*0IA/2*0
AOJSuc(X ,iCi)*,OIA2q 0) -'HUJ8L
00 35 121,1

66
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35 IRAm(I)((X3(I)'OIA/2.OJ-HUbL)4 RAKE/AOJS
IPR: IPR*i

IF(Jf'P.NE*2) GO TO' 10fln
SDM=DIA*ELF

W'RITE (6,130)
13 C FORWAT(1hi)

IF(IK-1) 115,115,116
115 WRITE(6911T)
117 FO0?lAT( lXtFO0WARL PkOP OF :OtJT-(ADOTATIJG SET*)

GO TO 11

11'3 FO..iUT(45WAFT POOP OF CONTlFAkOTAtTNG S04T)

Tq4P=?,*SFWR

IFC'4~~C..)W-ITE (6,10020) TSHP
4t".I FCRIA 'x,'THRUST OPTION#)

1t,02: FCR T('X,*PS(K,) :4,Y,1PE12L.)
WiITE(6,ItC26) XVV9flStl

11)2A FG~tAT(2Xt*NO OF V=*qFc).1,4Xq ODE'SITY OF PROP
I (K(GI13) =*,F1.2,4X)

*10127 FOMTjVM E=j~ 24

1094 FO);?MAT (2X, 4 PE (KW)=*p,2Y,1PQF12.4)
WZ!TTr(4,, 1P02)Sj',EAEETH.USSH,3.ROXPSRAKE

19002 FOIVIAT (2X,*jt.1)=* 44,IWT=t3-,X*-HDI844,HM
2 PF,49) RHCL/t3)=#F10../2X,TETS OPT= *qFb.3,3X,RAKE OPT=
3 FF-.3)

WRITF (f,t10 C 29) T ANE II CPITA N9
t302-- FO; MAT (2XfTAN9I OT=v ',F~s2,4Y,*)RA; OPT= *F7.4,L.X ITAN9 OPT= I,

IF'..?)

10 03 9 FOZ!Mu (2 X 4= 1X , I Pg.-'2.4.)

100 51 FCRMAT~(2X,*AE/A0=46X,1P9E 12.4)

1903~? CMAT(2X,4N(I-EV/MIN)= *91P9E12@4)
WRITE (6, 10042)

WRIT F ( A,, 100 33) (YI IbI t J 0 v ( Y4( D ) 1 19,JC) I (X5( I) ,I= I, JC) (X 6I1

1033! F0R)MATC2X,*X= 4,PgEl 2. 4/ 10 XviP2E 12. 4/ 2X v41 -WX: *,1P'E12.4/
Ilx, 1P2[12.4/2X,4TAN3I= ,1P9V12.4/IOX,1P2E12.4/2X,*C/O: *'p P
2E I Pe4/1OX, IP2E 12 e4/17YP4T/C: IPCEI2. 4/i10X t P2E 12 .4)

IF(XPS) 22,23,23
?2 WRITEl.f.,00936) (AZ7(I,24bqI--tJCl

1003E FORUIAT(2X,"TFTS= *,1P9E12.4/1O)X,1f)?Fi2.4)
913 CONTIN11IF

IF(CO) 24,24125

100V FORNAT (?XvCD *9l1P9F124/l0XtIP2Ei2.4)
?;S CONTINUE

2 * AE/AO:#1.PE10s4 )
100'.' FORMNAT(3X,'ETAO:#,

2 1PE10.'2X,PS(KW),1*.P10..,3X,1-IHo:.,pP1os.,

Copy acdalcblo to DDC doec not 67
peraxi' £u~y legiblo ireproduction
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2 YXp#1-WTTx#,lPf10&4g3Xq
2 *V(KNOTS)z1P.10.'.,3X,' DESIGN TH(N)8*91PU.0649
3 198PVMSC tP~O4$tCLUAE TH(N)z,1lPEl0*4)

WRITE (6, 0042)
WRqITE (epi0043) S0WRPH9B('i2) EAR

1008? V~xBIT,2)/t*68?8
VMS=B( ?,2) *ELF

00 10090 I11,JC

1009t)0 8(I,30)=6(I,5)
10024. F0IATUP912.41

IM(N) 65,65,66
65 CONTINUE

XNIIIIRP14/60 &0
IFCTANA) 10034,10034,101

1003'. 00 10035 I=1,JC
10035 B(I, 8) =RSL/8(Ip3)1B (I. 4)

C H1=8 (1,B),
101 CONTINUE

GO TO 6?
66 CONTINUE

H (1) =COWST (1)-UT (1)
68 B(I,8)rnG(I),'H(T)

CW2:B (798)
00 31 1=191i

31 B(I,8)=CWl/CW2*8(1,R)
IF('IK-'2) 3303203',

32 DO 34. I1,11

33 CONTINUE
6? CONTINUE

IF(SHP) 85,85,86
d5 JN=JN+1
36 CONTINUE

ALPHA=6*2831853172*
00 12 1:1,36
00 12 J=1972
AC=ALP14A*FLOAT((J-1)*I)

12 0~13 1JA)COS (AG)
AJJ=L*0

20003 IF(JEE)Z223

2 AJS1.t
GO TO 4?*~t:3 00 209 IDC~i,2
flO 201 I~iJC

201 B(I130)=BClv30)*AJJ

B14(42)=i*000
814 (4 3) 1. 025
01) 215 tJ=4i,43
IJT=IJ+4
IJP=IJ+sI 00 216 I1,1JC

'lwwo-----------
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216 8(9)Bj~o*I(i
CALL. Sue

215 CONTINUE

315(44.)=1.
81547)=Ij*

815(48) =.914(43)

:315(46) =P1t.( 4 2 )447

CC P, I ) =A14 (46)

CTiL S=B(3,,C-

80 CC~b41T ='14(,9
C501)34(0

49 r~)OI =0).

47 C(JPI)=15KF0

CALL SIMEO(9,r

11S) ) 556~

50 8(36 1.~ 1005,1

475w CONTINUE

FHP(I X IPI)PTQ

AZ7I,2 E):(IVIs)J

9269
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A AZ Z(1,28) x C II -8 CT6)
AZZ(I ,29)=CII.8(I,6)
AZZ(I,30)=8(1,6)
AZ(I1 ,3 t) B(14)

AZZ(I ,33)=8(I,13)
40050 AZ Z (I p Y4) =A ZZ ( 1925)#2 0

00 36 I=1,JC
36 AX(I) :AZZ(I934)

IF(AZZ(1i,25).NE.0.) GO TO 5555
SLP=(AZZ(9934)-AZZ(6,#34))/(AZZ(9,23)-AZZ(6,231)
YINT=AZZ(9q34) -(AZZ(9,23)*SLP)4
AZZ(1O,34)z(SLP'AZZ(10,23) )#YINT
AZZd11,341=(SLP'AZZii,23) ).YINT

5555 CONTINUE
00 40052 K=26934A
00 40051 J~jil
811(J) :5(J,3)

40051 83(J)=AZZ(JK)
00 40052 I=Lpit
Sl=&IZ (1,23)
CALL DISCOTCSiSIBii,83,83,-i20,JC,0,S2)

40052 AZZ(I,K)=S2
40056 FORMAT(lPEio.3fIPioEii.3)

00 5050 T=1,JC
AZZ(1,2')=8(Iv2)
q(I,20)B8(Iqi5)

4 R(T,2i)=9(I,5)
RII=ATAh(8(I,2i)
B(T22)=B(I938)I
8(I,23)=8(I,6)
B(I,24) =AZZ(I,24)
8(I,25)=AZZ(I,25)

5059 8CI,24)=a(,24)*3(1,3))/(5.2955#COS(911I))
BT(il)=B(11,5)
00 5001 1=1,10

5001 91(1)=AZZ(1,19)
00 50020 J=20,il
00 50020 KJ20,24

50020 P3(J)=B(,K)
00 50030 1:1,10

CALLDISCOT (Si, S19Bi, 83 -i20qJC,0,S2)
150030 B(T,'O=S2

50040 AZZ(IK):8B(IK)
IMAX)j

C THE FOLLOWING STATEMENTS HAVE,,BEEN,.ADDED IN ORDER TO SEND THE R

C VALUES TO SUBROUTINE.,WEI.GHi. CHQRDTHICXNESS, AND CAMBER ARE I
C PITCH AND SKEWR ARE IN RADIANS*

00 999 I=IJC
VS=VK#1. 6878
X(T)B(rp3)

703



IF(X(I).NE*0.7) GO TO 6001
SIGMA= P(It 19) -

GO TO EO0C
6601 IFCX(I)*LE*0.65) GO TO 6000

IF(X(Ik*GE,0.75) GO TO 60000
SIGMAxR(I,19)

6003 CONTINUE
CI4ORO(!)zB(ls6)'Q IAM
THICKNS(I)z=A7Z (j,345DOIAM/2s

PITC(I ATAN ( ,p))

?7 FXC~IhC.0
GO TO 29

21 CONTINUE
9,x(jI. 01(.0 .( .2832*TAN(PITCH(I)- RJ(I))/CLI IT) )I

29 CONTINUE
PETAII I)=PITCH C )*57.2951
SKEWR(I)=A7Z(It38)/57.2q5A
AZZII ,4) AX( I)

VSU8PSO(I)VS**~2*(AV(I)GAVfI))
VSUSR (I) =SORT (VSUBRS() 1)
PLFT(I) =.5*QHO4VSU4PSO(I)*CLI (I)* P(IF)OTA1.4.Sq9

999 C A M 13 CI R ((I,679 18 0OA M
PP C-',PM/6C.s
')O 996 I=i,JZ

996 CONTINUE
EAl=(EAR'3. £,59*DIA**2) /4.0
A L=3. 14 15 9 *O.,7 48 (7,19)
AP=EAl*( 1.067-0*229*AL)
VA=VS*R(794)
VR=SOPT(VA'2+(.73iI.159'RPS*DIA)**2)
T C =2 .3 9( 6 ,2) / ( R140 *A P 0V R"
lSIGMA7= (64.,4*HEAD) /VP*'2

IF(JPR.NEo2) GO TO 4.00
F 10C42 FOPtIAT(IH )

wprTE(6,77) PP19PP3,PP?,PP5
77 FORMAT(4X,*CPrI:#,IPEl0.4,4X,*CPSI:P, iPEIO.'., IS, CTST=#,IPEtO*u.,
2 4..XCTSi/cpsI:*,iPE10.4)

WRITF (6, 10042)
WRITE (6,78)

75 FOPMAT(6X9* X*98XI*TAN8I.*#7Xo*TAN 8',v9X9*G*,9X,"UTtV',7X,
2 *UA/2V#,7XOOCTSI#,7X,.oCPsr#,6X,.VR(M/SEC)4,5X,$*CAVVG)

VRSI=VSUBR(I)*cELF

79WIE66O

2 CTS/CPS='iPEO.L.)

61~ 71



I4RITE(69100.2)
WRITE (6,76)'

76 FORNAT(5X9* X',BX,'CL~,6X,'ALI(OEG)5SX,*Fn/C*,7X,'CO/CL~,7x,
2 'F(X)*,5X,'LI(N/M)4 ,3X,*TETS(OEG).,PX,'(C/RD)LE4,
3 3X,*(C/RO)TE~,5Xf*T/RO'
00 6002 11,1il

6002 WRITE(6,20O46)8(I,3),CCONE(1),CCTWIO(I),CCTHRCI),CCFOt(I),FX(I),PLF
IT(I) ,AZZCI,38) ,AZZ(I,28) ,AZZ(1,29) ,AZZ(193.)

20046 FORMAT(IPEI.3,iPOi~il.3)
WRITE (6,v10 0421
SHR=THR*SWT
STHR:ATHR*SWT
WRITE(6,100O44) PPIPPP±2,ETHRUSEWA'CEVKSHRVMS,STrHR

WRITE (,66003)
6003 FORtMAT (1H1,4X,*'Y',7XAREA(t12)*,4X,*XBARCH)*,2X,'Y8AR(N)',5X,

2 'IXO (M4)*,4X,#IYO(M',*4X,t1XO(N-M)3X'tYOCN-M)4,3X,#MT8(N-M)',
3 ,3X,*9O(N-M)',3X,'HAXSTRESS(PA)O)

400 CONTINUE
00 t22 I197
IF(I-t) 120,121,120

121 SX(I)8B(I,3)
GO TO 122

120 SX(I):B(I193)
12? CONTINUE

IF(JPR*NE*2) GO TO 10091
00 124 1=1,7
APR:EL2*AREA (I)
XPR=EL IXBAR(I)
YP =ELIPYBARM
XOI=EL4*AYEXO (I)
YOI=ELk*AYEYO(I)
XOM=:SIfi*EMXO( I)
YOM=SIt #EMYO(It
T9M=S I P4EMTB(I)
Q'3N: SIM*EMO8 (I)
STRM=SMX*STRHAX (I)

124 W-IITE(6,20046) SX(I),APRXPRYPRXOIYOIXOMYOTMQBMSTR
WRITE (69 10042)
WRITEC6,i0042)
WRITE (6,6004)

6004 FORMAT(5X#X48X*PAKE*5X*P1 XTAN6I*3X*PI XTANB*)
DO 6005 1=1,11

6005 WRITEC(696006) B(I,3),RAK(11,PXT9ICI),PXT6(I)
6006 FORMAT(iPEl0.32.P3Elt.3)
M091 CONTINUE

CTS(IK) =PP?
CPS(IK) :PPe
CPT(IK)=PP6
CALL WEIGHT(JCSIGtIA7,IPOIPRHUBIIKIIUB)

8LASPACmHUaSPAC-AX(1) *DIA'6*0
FILSPAC2HU8SPAC-AX (1) *IA*6. 0'1.9

IF(PRNE2)GO TO 6902

WRITE(6,994)' SBL,'SFI 7



9 FOReAT(/20X9auRrL. THRUST COFFF Tc It* E I D a //2D0K3Utft:
ITATION COEFF SIGMA (0, 7) =* IQ#4)

1394 FORMAT(/20XCLEARANCE AT HUD RETWFEN OLADE'S/0x#,FI3,8//p

2?0X,*CLEARANCF AT HUB 8FTOEFN FILLETS/)=*,F13*5)
690? CONTINUE

!F(JPeQ*I) JP =2

A3GCI,3)AZZCI,27)

A-IC(It 7)=3 (1#12)

IF(Torp%.?EJE.) GO) TO ?

IF(IK.NE.1) GO Tn 6~?
IF(NK.El.1) GO T'n F3

* Gj To 6?

6? IF('JLT.EQ.I) GUj Tn j
Go To F12

* F113Z(2) =r.0

3Z(r,)=nF93

* 3Z()=HR r.1
;IZ(7) =VEL(1)#*1.6878

OZ(9)=EWA(F
3Z(IC) '3LA Cl)

8Z(I5)=9Coa
E!Z (15 ) =CD
B3Z(16) :.0
0') 300 ) =0,12
9Z(18)=0.O

301 13Z C1 99) COM( 1,91)
V11=6
D') 131 IN=18,90,18
INI=I NI ot
lF(IN.FO.90) IN1:13
n0 301 1=1,9
IF(I-t) 30?,303,302

3,1)3 J~I
GO TO 306

302 IF(I-9) 3059304,305
31)4 J=I+2

GO TO 3M)

336 3Z(INI=OJINi,1)
301 CONTINUE

of) 307 rN=?bSI8il
IN9=IN+(q
00 307 I=1,9

73



IM(IN+ 1) :Z(1N
9 +IJ

31CONTINUE
8ZMG) =0 (1,4, 1)

00 305 I~1.99
INZI+72 ,II

310IM(-1) 309931.09309
3gJ=I

GO TO 311
309 IM(-9) .3121313,312
31.3 J=1+2

GO TO 311
312 J=Iti
31.1 BZ (IN)=0 (J 110,Z )
30e CONTINUE TO01

8ZCJ45)=GA.1.(J)
GO TO 5100

5010 IF(J.EC.9) GO TO 5002
8Z(J*45) =GAi1 (J41)
GO TO 5000

5002 BZ(J445)=GA11(J+2)
5000 CONTINUE

CALL OLO(BZ91POI

62COTIUEI)TI

00 320 1=1,11

UR1(I,1)0.FD (9q
326 CONTINUE

27 CONTINUE

U At (I ,1.)0. (1

J T1(I,110=U. 0

95URIT(6,1.)=*
3206 CON~TINUE //0,I0U

20 04INU,1,E ~ WI2X#~ ~T
u~l (9 1)=074



00 107 1:1,11

107 rO'4TINUF
WRITE ( 6,9109)

109 FORMAT(///22X,*ON FW)#)
O) liq' !111

110 C0OIN'IE
5007 CONTINIJF

4 E IFujpg.rQ.0) jp.,=

11UT(I)=UTI(IIK)

5IF(IVV-IVA) 96,7!,70
79 GO TO 1U4'6
S 9 IF(.NTT.EoNXvVV4) GO TO qF

I F (14T , : .~1 OU-I)r Tl 9 7
901 4F=NF +41

IF(IK-1) 93,93,94

GO 'Q 96
34 N F =NF- t

4FTSHP(NF) :PPI2
rO TO OF r r3

17 IF(Nr.7Q.IrU) 'OT"3

IF(jO) 71,72,71

r.O To 73
71 IK=1

'~CONTINIIE

TF(JQ) 74,75,74

6O TO A03
74. J)=9J
q C CO0NTITN'JE

1032 C O'T 1t411 c
IF(SHP.F2).0.O) Gr TO 10073
IF(NTT.NF.NXVV) rO Tn 10fl74
00 99 T=1,NXVV

S 1:SH P
CALL DISCOT (St1get911, P39 P3t-l20tNXVVP 0,-SN
V'7LI( 1)S2
0)0 154 I=1,NXVV

154 93 (1) = HP (I)
St=VELi(l)
CALL OISCOT (S1t,is±,11,3,u3,-12o~xvv,ot S?)
EIIP(1)=S2

75,



GO TO 165
10073 CONTIW*E

CTST=CTS( 1) OR*CTS (2)
CPSTzCPS(I) .DR*CPS(Z)
CPTT=CPT(I) +ORCPT(2)
ETAP=CPTT/CPST
ETAOzD (1,3,1) 'CTST/CPST
W'RITE(6,992) CTSTtCPSTIETAO

92FORMAT(1HIiLOX v'PERFORMANCE OF SET OF I-ONfTRAROTATING PROPELLERS*//
1//2X,*CTS= *vF8.5//-2Xt*CPS2 *pF895//ZX,#ETADm -*,F8.51
STOP
END

76'



SU3ROt.T1NE sue
DIMENSTONd CHORD( 36),9T MCKNS(3 6) GAW 3) P ITCH( 38) SEWt(3G1
I ,XI(sa)

I ,AKF,SI~p,ppPT,ppagppg,pp11,rWAKFiStRPSSIGMAtrAR98T
OIIENSICN9(,3),I1h5I1,38bjm6,53)3(32

(o'qmON flvjqjJJDOOJrF
CO"40N CLI(11)

1091, nV) 10)75 M4:1,jC
21 201)21 T=1,JC

~A=ATANC0(ItS)l
1FrAAH-AAG)l001qlOI3dsjlfI19

11)')I IM) :COS(AA))
-1 () =rINJ(AAf))

C-0 TO ?0021

T=Sf)pi T ('S)

W = Sli T (W)
AC=T-W

a C =I. 5
A)=. 2 5

V)TF(AH21A)00101IU

11)021 AG=I.l.*./(1R-I)

n7 QI) =2i(2)AG4 (l.AAtIAAG(1..'2.Bt9,)AAG'

10021 co=1 r oIN o/ R-

Of) I 1=1,181,5
IN:IN..1

00 2 I:1,JC

812(I):62(I3

00 3 11i,37C

77,



s1=81 (1)
CALL DISCOTCSiSiB11,8l3,Bt3.I4-zoJC,0,s3)

3 B15CI)=S3
00 5 I19,37
S1=81 (T)-
CALL OISCOT(StiSIBLI,812iii2,-120,JC,0,S2)

5 8il#(I)=S2
DO 4 11,p37
B2(I)=814(I)

4 83(l) =915 (I)
nO £0022 L=1,35
t=137,L
N2=37-L

102 8MI ) =92(N2)
10283 (Ni)=3(N?)

C2=2*/72.
N P=72
N4=36
XNP:NP
s=09 0
SL=0. 0
00 20 TsiNP
S=S.B2(t)

20 SL:SL8E3(I)
84(1) =S/XNP
B5(1)=,qL/XNP
00 40 1=1N

SL=0. 0
Sl:0. 0
SLI:0.I]
00 30 J=INP
S=S.82CJ)*BSCI9J)
SL=SL +r,3(J) 'BB(I pJ)

30 SLi=SLl,81(J)*A(IJ)

415(I1)SL*C2

8 (19 10) =5 Q)
JC41=jJc-j
00 1023 LK~it35

R (L9 ) =4 (K*1)
10023 S(L, 10)=135(K+I) '

i(37, g)z84(181)
8(37,i10) =85C181)

IF(ABS(CPHI)-tal 2005112005i,05

20051 8(Nqti)=ACOS(CPHI)

8(JI#111;o0 762



CON~33141592?

no 10025 Izip,JL

10027- 1F4J)i07 0?,0 ?6 plOO2

100?6 A Z'J= -

rr) 2a026 K=19N?
IKJ^) 10070, 100?O,?O0?fi

1007' AZ4=AZNCON1*FLOATQ()*#O(K.,9)
0ZN=RZ'4ICOh3*FLOATQ() 80C, 10)

200?E CONTIN'IE

AZL. I

TF(42- JC) 1036O09"9 
3 0

L:'4-1
5ZL=AZLFLOATM*(-i9~9)*CON

3

209 Tr 37L:j.7L +FLOAT (L) #1 (M,10) CON3
rO TOI 1C

109J2S Z?4. 0

C<P=COS (FLOAT ((-1) '(N,l0)

10071 AZ=~.C N*M*LII() .IK ,)VK

2 00 2c CONTINUF
A7L =. 1
IZL. 0
1FeI12-Jr,)190619100

3 0,1903 0

Or) 20 3( M=N! JC
L='4-1
CKi('COE (FLGAT 0L) 19 1ll)

AZL=AZL-CON3*CMPFLAT (0 * Hfif c) CKP

20039 eZLZL-CON3*CMPOFLOAT(L)E(M,1O)*CKO
GO TO 100P~

t42=I+i

IF(K-Jr)1l0072, i0c?2,?0p26
10072 AZN=AZN*CCN1SMPR(K99)*LKP

8ZN=9ZN#CONI*SMP*B(K, 10)*rKP

20021 CONTINUE

'3ZL~s 0

IF (N2 -MC 10 062, 10 030't .0b03'0
10062 Nt:=42,1

03Q 20030 MNNiJC

79



Lv L=M-1
SP:S IN (FLOAT (L) *8 (N, ID)
AZL=AZLOCON1#CMP'8 (Mtg)*SKF

20038 BZL=BZL*CONi*CMP'r3MNgj0#SKP
10030 AZ(IN)=AZNAZL

BH(Iq N) :BZN+BZL
10025 CONTINUE

IF(93( it1) ) 20043, 200432,10034
20043 CONTINIUE

00 10031 I:1,JC

D~o Mlt~ J:1,JC
10031 C(1,J)=FLOAT(J)'(AZ(JI)#B(I,5)*8H(JI))

St0(i81)=JC
CALL SItEO(JCqCCC)

10034 00 10035 I=1,JC
B(T,12)=.0
8(1,13)z.0
BCI,14)=.0
0)O 10035J:,JjC
IF(13(1, )) 10036, 10036,10037

1O03E 0(1,12) :8(1,12) FLOAT(J)*CC(J,1)*AZ(JI)/8(I,4)*(t./(1.-B(1,3)))

9(I,14)=C(.,(J,)SIN(FLOAT(J)48(l,11))/B(I,4)+8(It14I
Go To 10035

B(I,13)=dJ(It13).FLOAT(J)*B6(J)*BH(Jgl)/8(I,4)#(i./(1.-8(1,3),)
B(I,14)=a(1,14)+86CJ)#SIN(FLOAT(J)#B(Igil))/8(I,4)

10035 CONTINUE

20031 00 10038 I=IJC

8(I,16.t=a(Iql5)''3(I,4)

1*3(9,2)
3TT=ATANIB(I, 8))
BTI:ATAt4(8(It5))

83(1, 19)=643i#(B(4t2)-8(1,3'49(3,2) /2.)WCSIN(6TT)/'(8(I,4)*8 (7,2)
i*COS(BTI-'3TT)))**2
IF(I-1 )9,q,6

6 IF(I-JC)10,9,9
9 B(1,20)2.0

3(1921)z*O0
GO TO 1t

10 CONTINUE

B(Iv22):8(I,20)*6(Ip4)

93(I)=13(It16)

4~pz~ i

(1) q(I 89



Copy cvailceols Wo DDC does nA
AS (I) =9 UI 9201 pcamll. fully legible ropcoductiod

810 (1 ) al(Q1,22)

i PP1zSINPUN(RI q3qJC)
PDa3=SIPFUN(81,82vJC1
Pm1=.IMPUN(t31 BI.,JC)

PP 5 P P2/PP 3
9D06=SjNPUN(R1q8OJN~
P*7:sIP4PUN(dl s8 ,JC)
P0d=S IMPUN(81,E39tJC)

F'P9=PF /PB

n~o 1C09 I:1,JC

03 10940 L=1,JC
Y1=3 ( L, 3) -53(19 3)

IF(YO) g609860,871

CJC-2 cC04,1C=1,01

X(-- ( L1,2 ) -El (1

r3 T11 10f'39
1%5c; 3(1,25) zSIMPUN~,3t?tJC ) *(3(i,2)e8(3,2)'"3'3.141592743(7,2

9(1,26)=SIMPUN(81 !33,jC )

3TI=A TA #4 C I5) )

;a3T= CONINET1

of) ?06 I.-1,JC

206 t3(Tq,1)8(I,4)*'3(Ip4)
20050 IF(JEF)2Q082,2008?,10081

206,4t rONTINJE

1008 CONrINUF
915( 181) :PP1O
00 100't9 IslJC
IF(q3(I,6)) 702-#702,703

?02 CCI:0.0
GO TO 704

F03i

- ~~~r r ~ , r4$-



70I4 CONTINUE
CLi(I)=CCI
cc 2 1 . r.focci
CCIZ*0679'CCI
IF(CCi) 701,700,01

7OO C04=0*9
6(1,3 8) CCI.
GO TO 52

701 CC4z8(I97)/CCI
8C1935)=GCC4

52 CCONE(I~zCCI
COTWO (I)=CC2
CCTHR(I)=CC3

t0O49 CCFOR(I)=CC4
10G8t CONTINUE

R5(362)=PPI
86(36 2)zPP8

20041 RETURN
EN')

82



SUR'ROUTINE SIMFO(JCtCoCC
OIWNSION 8H(3sSeh&(38,38),615(3e),CI3S5,360CCI8,t36)

MPC=M4P t
mpnzm 91

DO 1 1 J=10'I-C

00 "3 !=19"Ot

21 9il

37 (4T A' UF

db ClJ=CKJ*"pJ

d 7 A N AN +A (I1,J)
53 -.I (I)=A

JO q9 I1,mpfl
no 39 J:I90Pc

')I 90 J=jp

go -3'(Tj)=CC(IJ)

r) TO 17

94 , NT 111J E

I F')zMAT(1P6E1Z*4)
2 FO4A T W 8,L1

RETUR N

Copy a1cr1ae to DDC doos not 8
pemit fully 1egiblo KeproductiOnl8



SUBROUTINE DISCOT (XAZR,?ABXTASYTASZNCN~,NZ,AI#St
OINENSION TA8X(I),TABY(1),TA8IZ(1),NPX(3?),NPYc3T~pYv(3?p
CALL UNS (NCpIA,!OXvIDZIMSl
IF CNZ-1) S5910

5 CALL DISSER CXATASX,1,?IY9IDXtMN)
NNNzIGX*1
CALL LAGRAN (XATA8X(NN),TA8Y(WWNWNAKS)
GOTO 70

10 ZADG=ZA
IPIX= 101+1 525

IF (IA) 15125915

21ZARGaTABZ(NZ)
2CALL OISSER (ZARtGTABZpitNZIDZ9NPZ)
NX=NY/NZ
NPZLxNPZ+IDZ

IF (INS) 30,0,040
39 CALL OTSSER CXATA8X,1,NXIOX#NPX)

00 35 JJzNPZpNPZL
NPY(I)=(JJ-1)#NX+NPfX(ll
NPX(DI=KPX(D

35 =l
GOTO 50

!S=(JJ-t)*NX.1
CALL IJISSER (XAjTA8XpISPNX9IDXvNPC(I)
NPYCI =NPXCI)

45 i~I+i
500 55 IipIPIZ

5CALL LAGRAN CXATABX(NLOCJTABY(NLOCY),IPlxoyy(Is5
CALL LAGRAN (ZARGTA8ZQ4PZ),VYIPtZt4NS)

TO RSTURN
FNrl



SU3OUTINE UNS (MiC, AoE, 10?,?s)
IF (11 1 509,10

S T&S~l
NC-I'r
r0T() 15

NC=IC
15 IF (Nc-lao) ?0925P?5

?3IA:O

SUIROUTNtE LAGrAP; (1kAXV~t 19 ANs34DI PFNS1 CN ogy(
OC PO 3 1=19N4

0 )r) =Y ( D)
no? J:1,v4

IF (A) l1
t :-(XA-Ytjl)AC

3SU"=:SUMOPROt)
A NS=S U*

Copy brkabdlo to DDC does not
pb;ml fully ICYNGl reproduction

-7-707
44



SUBROUTINE' DZSSER, ,.,-q1 ,.,,,w*A~

!flHENSION T.ASM1
* NPTzIQ~l

NPBzNPT12
NPUz%PT-NP8
IF (NX-NPT) 10,5,10
5 4PX~I

ReTURN
10 NLOW:x+%PS

NUPPuI+NX- (NPU+i)
mo DO 5 .IIF)4tOw,4UPP.

IF (TAS(II)-XA) 15,2a020
15 CON4TINUE

Npx=?4UPP-NPB&1
RIMURN

20 NL:NLOC-I4PB

DO 25 JJ=NLNU

RcTURN

fi



FUNCT ION SIfPUt4(XvN)
CFORTRANa IV FUNCTION FOR SItIPSOt4S RULE INtEGRATION-

$C A01ITRARY NO* A440 LENGTH INTERVALS K*MEALS NSOCC-ODE 11.2 10-5-67
014ENSTGN X( 2)pY( 2)
IF(N-2) 7, 5,94

GO TO f6

8 r IFC'-:!) qvicOit
11 M=14-~2

GO TO
9 S= (t 2) -X(1)) /6s * (Y 11) 0 (- X(2) -X (1))/(KC3(-j-Xt(1))~A (3.+ (X (2)

2))))

r.3 TO 12

12 M=:4-1

IF(3S(((-)-X1))GE.~3SK(K-XC))~GO TO 3
IF(A8S(X(K+i)-X(1)).GT.A8S(Wt(K)-X(1J))' Gd TO

2 FUh'AT(23t-pNION MO1JOTtJNF X 1IPUN 14tlPE-12&.)

6 SmPUN=S

Co;py avdlaloht PD(O doew6 io
fully iegibiq 

(7rd~to

- 7 ........



SUBROUTINE STRESS(AZZAREAK8ARYgARAYEXOAYEYOEMXOEMYOEWTSOfM
1O%9STRMAX)
OIIIEPSICN CHORO(38brTNCKNS(3),CAI8ER(36),PITCN(38) ,SKEWRt(38)

CONPION/CWEIGHT/XI, CHOROTHI1CKNSCAMBER, PITCH ,SKEWRDIAMZZOEN
IRAKE, SIPIPP~TPP, PP9,PPliEWAKEVSRPSSIGMAEAR, T
DIMENSION AZZ(38's33)
I)IENSION AREA(7I,9XOAR(T),YBIAR(flAYEXO(?),AYEYO(FlEMXO(7),EMYOI7

C a * # ALL PPOGRAN CONVERTING WAS DONE BY 808 MICCALLE.Y
C * 4 * 8# 0 JOHN MET'Z ,AT GLENN ENGUNEERTNG SERVICES, INC.

c 4 * 0 v a 4 4 * * 0 ROCKWILLE, MARYLAND 20856 PHONE 427-3830
C
C 4 * * * * * * # VERSION VAiD IS A -1ODIFICATION OF MY-74
Cc# * s4#4* WHICH APPkOXIMATES THE EFFECT OF SKEW*
C # 4 * 4 4 0 * 4 MOLIFiCATION BY D.T.VALEN'TiNE.
C * * **CO4* 4tbr544 AUGL( 19,'70.

C PROPELLER STRESS CALCULATION PP.OGRAM VAZO0
C -
C * * IHPLEBFAM APPROXIMATION INCLUDING

*C * * 3ENDING, CENTRIFUGAL AND TORSIONAL.'FORCES.
C
C * # 4 PRO GRAM TYPE. -A'49***.

C 4 * THIS PROGRAM FEADS IN THE NEW TYPE DATA CARDS.
CTHIS AREA RESERVES, COMPUTER STORAGE FOR ALL ARRAYS USED IN THE PROGRA

014FNSICN HA(20) 1 HA(20,PH2)PHI(2),XUOi(20),t120),QI(20)vCP

DIMENSION RICT,i619 SI(7,16l
DIMENSICN CENTST (71, CENIT MO (7)

DIMENSION FNX(?$,ITX(7) qFMMX(13) plT4413),tSKEW,(131 PXU(iO)I
x F5 (131 9 P 2(13),OI2C(13) pAAAO)I,9BVi0)CENT4ZC(7) ,CENT MS (7),
x TSKE I(T ,tKEW2(7 ASKEWiC(7).,ASKE W 2(

QIMENSION V2(13),0O2(f3),E12(13)
6IMENSICN ALPI~tA(7)
DIMENSION XMT (10 i#XLCID) iXM(i10),IXTIO).9tTM110) iSTLT(i0)

C SET UP GCNiSTANTS USED- IN PROGRAM. CONPUTATINtS.

4 1) )=4.
W( 3) =3,

W( '5) =40

W( 6) z3.
W( 7) z4o

wf( 1) ='if

14(1')Ee.

AM C- -------- - - - INUT DAA bOESC"RPiTtS 04 -'6- -

C M TOTAL 1UMgEP,.9F ipRPIELLERO PUST E MA IN THIS BSAT

'88.



PUNCHED IN COL* i AND 2 OF INPUT CARD.
C P9, ID z PROPELLER 10 CODE. ANY ALPHNUMERIC CHARACTERS*

C DA# YE =DATE OF RUN* ANY ORDE-R. PUNCHED IN CDL. 13 THRU

C Z~~~x NBER OF PROP.E INLBDS PRCHEUBICOL EET.U
C O US PU N CL 3ATR 1 NLD DECIMAL POINT.WT HEVLE
C VSAMETER OFDPRO. IN FEET.SEOD PUNCHED IN OL* 29

C PNCEDINCOL 3 TRU41INCLUDING DECIMAL POINT*
ROAE DIAETE OFH PROP* IN DEE. PUNCHED IN COL* 42

c~* INCLUDING A ECIAL POINT.

C VEL VELOCITY OF PROP. IN REVOLUTIONS PER fIN.
C PUNCHED IN COL* 50 THRU 56 INCLUDING DECIMAL POINT.
C 0(1) =LOCAL NONVIS^OUS THRUST COEFFICIENT AT XUCIJ.
C PUNCHED IN CDL* i THRU 9 INCLUUiING DECIMAL PJ)INTs
C T(I) =TANGENT OF THE HY9RO3YNAAIC PITCH ANGLE AT XU(I).
C PUNCHED IN COL. 10 fHRU 18 INCLUDING DECIMAL POINT
C EUI) CRAG-LIFT PATIO AT X'J(I). PUNCHED IN COL. 19 THRU
C INCLUDING A ECIMAL POINT.
C P(I) FITCH TO DIAV'ETER RATIO AT XU(I)*
C PUNCHED IN COL- 25 THO 36 INCLUDING DECIMAL POINT
c C(Ii COko LENGTH IN INCHES. PUNCHED IN COL. 37 THRU 45hC TNCLUDINn A DECIMAL POINT.

c SKEW(I) = SKEW VALUE IN INUdES FROM LEADING EDGE TO THE
FEFEP.ENCE EDGE . ALONG THE HELIX.

PUNCrIFD IN 'COL. 4.6 THRU 52. P0
XU(I) z VALUE OF -X- AS WE USE IT lb -PROP REFERL.NCES#

PUNCHED IN CDL. 55 THRU 61 v INCLUO'ING DECIMAL PO
-FMX(I) MAX CAMBER AT VALUE OF UCI).

PUNCHED IN COL. 1 THRU 7 INCLUDING DECIkMAL POINT
C TX(I) x MAX THICKNESS AT VALUE OF U CI).

L PUNCHED- IN CDL. 8 THRU 16 INCLUDING 09FCIMAL POINT
FMMX(I) sCAMBEP / MAX CAMBER VALUE AT U.I)-o

c PUNCHED IN CDL. 28 THtW 34 INCLUDING DECIMAL PO
C YTXCI) ONE HALF THICKNSSS / MAX THICKNESS AT VALU.E- OF U

PUNCHED IN CDL* 37 THRU 43 INCLUDING DECIMALP01
UCI) =VALUF OF X SUB L USE9 IN PROP -REFERENCESe

PUNCHFD IN COL. 50 THRU 56 INCLUDING DECIMAL POINT
PROGRAM NAMES JEFINED BELOW

CENTST = STRESS OJE TO CE4TRIFUGAL FORCE.
CENTMO =MOMENT DUE TO R~AKE , THAT IS ASKEW2 - ASKEWI.
CENTMS = MOtiEtT DUE TO SKEW THAT IS TSKEW2 - TSKEWI
CtNT42 = COM~PONENT flF C ENT'..
CENT'. = CENTkIFUGAL FORCE.
X?BAR CENTRoID IN FEET.
TSKFWI =TRANSVERSE SKEW AT POINT OF INTERESTS. 0,.0.3
TSKEW2 =TRANSVLRSE SKEW AT CENTROID, X28ARP,IN INCHES.
ASKEWt = LONGITUDIAL SKEW AT POINT OF INTERESTS. (RAKE+
ASKEW7 LONGITUDIAL SKFW AT CENT RD 0, X28AR, .IN.XNCHES

c ( RAKE + SKEW ),
VOL =VOiLUMNE INi CUBIC FLUT,

C
C CURING THE TIME OF PROGRAM CbOVRSION' WE USED VARIA3LE NAMES, THAT WE ( I



FIT-

C TOO LONG FOR USE ON THE IBM ?190 FORTRAN SYSTEM# THEREFORE WE HAD TO
C SORTN T4ENTO NO M~ORE THAN SIX CHARACTERS LONGa THE FOLLOWING IS

C CF HSESSHORTENED NAMES 0960*
C
c CE14TFOR - CUT TO - CENT.
C CENTST2 - CUT TO'- CENTS2
C CENTFOR2 - CUT rO CENT42
C CENTOS - CUT TO -CENT'IS

C LSKFWl - TO ASKE~i
C LSKEW2 - TO -ASKEW2

C

C ~e~I RFAO INPUT ...

C ONE MAD IS READ TO SFT UP MiAIN LOOP AS TO THE NUH8ER OF PROP STUDIES

18 FOR'AT (OF9 *6)
ZZ=AZZ(902)
VS=AZZ(?t?)
OIA'I=AZZ (3,2)
01&AOIAN
V5L=60*G*AZZ(5,2)

AZZ(l 1 $20)=0.0
AZZ(10t20=BT Cl)
AZZ( 109,22)xO. 0

Y(1=A~zzCi,2 -;

CCI) sAZZ(I,23)*OIA*12.0

30 AZZ(j,25)=AZZ(J41,?S)
On 1001 1=1,T

1001 T X(I) = AZZ C1,?5 l0I1A 1-2 0
FNNX( 1)=e000
F1mNX (2) 27i12
FMMK (3)X*4482
F144X(4)=*6993
FMMXC5)z,8635
FHMX(6)z,96V5
FN4X ( 7).0 00

FO*X(9)=.8 92
FmNX( i0,)Z. 7,027

F IX(2).l1
FmX4-1i3f=:. 000

*T t'C 1)ig00

YTX ).20
VT.XIAF-4637: --

Y~k(&)z.497



VTXC7) 2.1.962
YTX(B).o4653
YTX(9)2.I.035
YTX (10) z,3110

YTX(12)=*1'3
YTX( 13).*0333
IN=6

U(2)=0905
00 1002 T=31ii
IN:IN4I

102U(1) = 0 o14FLOAT(I N)
100? )=0.95

* U(13) =1.0
25 f00 50 IzI97

00 60 J1,1i3

SI1J) C FMMX(J)*FMX(I)+YTX(J)*TX(I)) /C(I)
6') CONTINUE
59 CONTINUE

C CALCULATE THE VALUE OF Ft FROt* INPUT VALUES.
?6 Fi=i.9905'W(IAM#2.0)"3*VS*'2'PI4 6.0/ZZ

FFI=Fi
0') 215 1=1110

5? P(I) = TtI)'P1*XU(I)
215 CONTINUE-~

C COMPUTE 'gW~o~O " it.90004**SS* **E

C CALCULATIONS FOR CONSTANTS USED IN DETERMINATION OF TORQUE Alib THRUST
C CALCULAT IONS OF BENDING MO IENTS FROM1 THRUST AND TORQUE, t

00 360 15=i,2
F iFFI1
RAD1OIlAl'005*12*0
IF(I-5-2)55t56,56

55 00 21- 1=110
PE(T)=P(I)

AE(I).A (I)

PHI(I)=ATAN(T(I))

SPHI(I)=SIN(PHI(T))
HA(I)=(SKEW(I))*(CPHI(I)/(KADi#XU(I)))
XUI(I)=XU(I)*COS(HA(I)l
HAI)=C( I)/2.

21C IF(SKEW(I)oEO.HAi(I)) XUi(I):XU(I)
GO TO 55

56 00 5? 11O1
P(I)f'F (T)
A(I) zAE(I-)

0691 ,

(1FCI5 24 62,63 ,63 -

-62 OXII
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GO TO 61.63 XOsXUC!)

13a13+1
IFtIS-'216SP66,66

65 XI~3)ja(XU1I2).XOl
XE(13)zU4f12)
GO TO 6?

66 Xktl3bz(XU(12)-XO)
XE(13)SKU"CI2)

6? Tl(13)xX4.(13)*AfI2)
68 QC3s41)(2

T (Il:SINPUN(XE9TlI)-
O0laSINPtJN(XEpOiI3)
T(I)uT(I)*FFI

CICOP W14iCH APPROXIMATES STRESS DUE TO TORSION RESULTING

C XT~SKEzLIFT FORCE ,XMqT(Z) a MOMENT DUE TO LIFT

00 Lit Isis?
IF(15-2)82098309630

820 1,'qTQ)=l*00
XKzI.9905# (DIAN# 2.0) *2.'VIS' 2 .'P!I £2, 0'Z
xAxC( 1)/2.0I(ESTX (1)/2*0
0') 222 JzI,9
XL(JIzAeS (SKEWCJ)-,45*C (J))
XL(J)IXL(J)mAS(S(EW(I) .5*C()
XT (J)C= A (J) #0 o IfXK(COS(PHI(J,),EAJI))
XMHJ)'XT(J)*XL(J)

222 CONTINUE
STMI ) MT () 2Q/(PI XAX 02.*)
STLT ( 1)=XMT (1) *2. O(i ti XtXA*44. )
GO TO 04.0

830 STP(I)x0.00.
STLT( II rO .60

84.0 CONTINUE
1i1 CONTINUE
550 FORMA T ( H 0 t20x,1 xOX XHTu~,HAU~~ -4WLE,10X7r H4 SUOb T
Sao FOQMAT(INOQX,4FIB.*6J

600 FORMA fl~i 4I5'td v*iiSH*A RING ST'~ltt$ 'Wt; T6 TORSION),

C LOOP WHICH CALCULATES AREA WAP OK SETONS!
00 230 17

00 230 J1 4,13

23 A(JI)A(1), + II S(J-,'-,4;I

C ICOP WHICH CALCUL~rES 'vOL OF7 SECIONto'-
VOLTOT=0Od

00 241 1:1,

A..



238 VOL(I)=A(I)'(U(It-4).tJ(1*3))43IAH/288.O
241 VOLTOT=VDLTOT*VOLtI)
242 VOL(T)=AC7)*t1.0-UCIO))9OIA14/ 576.0
241 VOLTOT=VOLTOT4VOL(7)

C LCOP WHICH CALCULATES CENTRIFUGAL FORCE AND STRESS.
IF(15-2) 244,246, ?46

244 00 245 1=1,6

Al (7) XUi(7)4((XU1.(i0)-XU1 C7))/2.0)
GO TO ?8b8

24E On 247 l116

AI(7) =XU(7)+((XUCIO)-XU(7))/2,O)
C LCOF TO TRANSFER CONSTANTS FOR DETER4INING. X28AR*

24. 00 236 1:1,7
X2L3AR(I) = 0.0

23E A2(I) =AMC) *VOLMI
C LOOP TO CALCULATE RADIAL CENTROID ( X28AR )

00 251 1:1,7
X2BAR(I) :( A2C1)+A2(2)+A2(3)+A2C4)4+A2(5)+A2(6)4A2(7)) f VOLTOT)
x (DIAP/2.0)
AM(I = 0.0

C UNCORRECTED FORCE AND STRESS FOR OUTPUT OF ANSWERS WITHOUT THF EFFECT

C RAKE AND SKL.W TAKEN INTO CONSIDERATION6I245k CENT4CI) = EN .*0#PI##2*VEL4#2#VOLTOT*X28AR(I)/(36O000GRAVI
CENTST(I) CENik(l) 0' 1(1I)

?51 VOLTOT = VOLTOT - VOL(I)
C LCOKING AT THL EFFECTS OF RAKE AND SKEW IN THE PROPEILLER.'

IFCI.EOlei) U(143)=XU(I)
AA(1) =PI*UCI+3)

263 Sl(I) =SORT( AA (1) *?PCIV42),
0') ?67 I197
TSKEWICI) = (C(I)/2.0 - SKEWCI)) AACI)'i3B(I
KK: 1

1L.E IFCX23ARCI)-UCKKt3)'DIA4/2,0) 14%,143',15i
151 KK= KK4I.

IF(KK-to)i46v14g,149
19TSKEW2(l) =(C(KK)/290O SKEW(KK)) * AA(KK)/BSCKK)

ALPHIACI)=ATAN(rSKEW2(I)#(X2BARCI) *12.0))
CENT42(1) CENT4(I)*COS(ALPHIA(I)
CENT "S,(1) CENT 42(I).' (TSKEW?2(-I), -t TSKEWI(Ik)
CENTS2(l) C~tO42(I) / 'ACi")

X TANRAKEPI/t80*0))
ASKEW2C1k=(TSKEW2CI)*P(I)/AA(1)) + (U(KK3)*DIAM*6*0

x TAN(RAKE-#Pli/8U -..~
267 CENTAO(I) CENr42(1) CF fAKEW2CI) -ASKEWiAi) )

C LCOP TO CALCULATE RESULT AND MOMENTS FOR BOTH ANSWER PAGES.*
DO 281 1=1,97
0(I) =(C(T(1) 4CENT VO(I))*A-ACI1) + (Q (1) C,ENTtlMSC~)()/B

E() z(Mt)I)+EN MOM)*P (I,)"- 'QI' -E~M() *AA8(1)84
281 E(I1Cz( #P(1 )-O()(II~+*Plv 1' 88I),

C PFOGRAMI CON(TINUES,
Do 35-0 t=1,? (
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00 240 Jjij3

R(J) 2 A1(IqJ)
SMJ = Sl(IJ)
X(I~zXCI)*C(11*63*(S(J) -R(J) )*W(J)*U(J) /60./ACI)

24n Y(1)=YcX).C(1.'3(S(J)'62-R(J).'e)4WgJ) /t20*/A(Z)
G(I~s 0

no~ 250 J=1913

259 t()=HCI)4C(I)##I.*(S(J) -R(J) Got)'C)'2 0
G(T)=G(DK-A8S(A(I))*Y(I)'*?
H(r)=H(ID)-ABSSRM 1) 1X(I)"?

F2=S (1)
n0 270 J=2913
IF (F2-SCJ)) 260, 270, 270

260 FZ=SCJ)
270 K=O

00O 290 Jji913
IF (F2-SCJI) 330, 280, 290

280 K=K41
Z(K)=U(J)

00 300 LiK

XeCEINTS2(I)

X f'FNTSTMI411)AS(2()
300 VCL)=ABS(8(L))

F3=V( 1)
F4 = V2(1)

FMI=B(i)

F (I)=V (L)
320 F5(I)-V2(L)

GO TO '340
330 F(I)in0.0

34 )C(1-XIP'Ef(I)I)((I) * r )HtI)C*II* V- D0 () /-p4C'ICENTS,2

00 100 1=1,?

I..XBAR(I)=X(I)

YBAR(I)xY(I)
AYFXO (D =6C)
AYEVO, I )'Hd

EfIT()TI

.4
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351 CONTINUE
CALL PFNSTR (FPOSTIISTLTAZZ)
('0 TO 160

35? Dummy~r)ImP4y
NN =N~441

360 NN=NN.1
RSTURN
ENfl

SU9ROUTINE PRNSTR (XXVYZZSIS2,AZZ)
OIMENSTCN AZZ(38936)
OIMENSICN XX(i0) ,YY(10),ZZ(10),Si(1O),S2(10)

C
C CALCULATION OF PFINCIPLE STRESSES

flnUF TO TORSION AND BENOING*

C DIMFNSION XI2(O),X13(i)

X12(K)=-lcl(K)#S1 (K)

X(I3(K)=-S2(K)*S2 (K)
333 C014TINUE

XX)(= 01
flO 444 L=197

0() 555 W=i,3
IF P4-2) 72,22,33

72 XI1=XX(L)

XD=00-4*'XI2(L)
CC=(ABS () *,
GO TO 44

22 XIt:YY(L)
GO TO 66

33 XTi=ZZ(L)
66 r) = A B ';(-XI):) '0

xr)=OD6-4.i.XI3(L)

44 S IG'4A =XIl+CC) f2,0 0
SIGMA2: (XIi-CC) /2.0
AZZCL9,4)=XXX'
AZZL,M~i0)=SIGN4Ai

555 AZZ(Lp,120)=SIG1A2
444 CONTINUE
700 FORM'A Tlot 20X,9F12.2 96X,2V20a 6)
35,0 FORMATI iHO,33,10X,12X,6HSlGHA lv'lX0H~1SGMA2)
860 FO RMAT,(iH0,2X,9'9HStRESSES AT 'EACH X STATION, ARE. GIVEN- IN'TNE FOLLO

XWING OPflER* MIOCHORO, 'LEDING ~dGE, TRAILINq f~EDE I

95-



SUBROUTINE WEIGHT(JCSIGKA7,IPO,IPR04U3OIIrKHUB) GAZ.DIM
C WEIGHT COMPUTFS THE WEIGHT AND CENTER OF GRAVITY. THE VALUES F
c CHORD, THICKNS, CAMBER, PITCH AND SKEWR COME FROM GA~ IM

C DE4, RAKE AND PI ARE SET IN STRESS, OTHER VALUES ARE COMPUTED

C MAKING CFRTAIN ASSUMPTIONS*

COMMON /NRT/ JPRJ
CQNMON/CWEIGHT/X ,CHOPDTHICKNSCAMBERtPI&TCH, SKEWRDIAM,9ZZOENRAKE

1,~lCTSLPSEPPCWAKEVSRPSSIGMAEAR
DIMENSION CH0RDc38),THICKNSC3S),CAMBER(383,PITCHC38) ,SKEWR(38)

014ENSICN DISTHF(38),A(Z0)

DIMENSION R,'9),PMT(g)
DIME=NSICN HUBOIM(6*2)
D)ATA CNSTNTiCNSTNT-2,CNSTNT3f.3581,80T1, .0238/

c **VALUES C.OmPUTED AND DATA OUTPUTA*"*
C THE HUB DIAMETER IS ASSUmED- TO BE THE DIAMETER TO THE FIRST RAO
C RATIC TO BE CONSIDERED AND THE HUB ASSUMED TO BE CYLINDRICAL*

HU:InIAt'=X (i)*OIAM
C THE HIB LENGTH IS ASSUMED TO EQUAL THE HUB DIAMETER AND THE 015 I
c THE RE ERENCE LINL FROM TH4E HUB FACE IS TAKEN AS HALF THE HUB L

0IlzE FL=HUB0IAM4(?. 4,'
c INPUT D4AAAD ASSUJIEC' DATA, WRITTEN OUT.

HUBLEN=HU8DIAM4
IFCHUB.EQOo) GO TO 50
FW00IAP4=HUBDIM(1 ,IK)
AFTOIAM=HUBOIM(2 ,IK)
HU3LEN:HU83IM( 3,1K)
F090RE=MU8DIM(4, 1K)
A08ORE=HUeOIM(5, 1K)
0ISRrFL=HU9DIM(6 ,IK)
FWDRAD=FWDDIAM/2. 0
AFTRAD=AFTOIAM/2. 0
HUE30IAN=X (I)'DIAM
HU9RA0=I4UBDIAH/2 *
FRt3ORE=F0BOPE/2s
ARSORd=ADBORE/2#
GO TO 270

ql CE'JGRVH=HUBLEN/Zo
27C CONTINUE

C ****WFrIGHT CALCULATION""
DO00 ioI1,JC

C WEIGHT OF THE BLADESI; BSAi=SIMPUN (XAJC)
WE IGHT B=CNSTtiTi 4OIAM'OEN'ZZ'BS~ I

C WcAIGIT OF THE HUB
IF(HUB*EQ.0.) GO TO 200
IF(FWODIAM-AFTDIANil 21,200,201

WEIGH 8R=ENPI'HU8LEN/4.f((FROREAR9ORE) "2((FBORE, R8ORE4) "20

lb MWEfGHTH=WEIlGHHT4WFIGH8RW

96
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CENGRV.H=mIaLEN- ((HUBLEN# WRO*+Z*W~A*ATtD3*ATtD*
1)1(4.'* (FWORAO'2*FWORAO'AFTRAkO#AFTRtAO4*2) W)WE ZGHHT-(HUBL-EI4(FRSoOR

%RqCRE*'2)) I*WEIGHBR)/WEIGHTHI
GO TO 202

200 WEIGHTH=PI'HUDOIAM'*2HUBLEl'OEN/4s
202 CONTINUE

C WEIGHT OF THE PROPELLER.
WEIGHT PzWEIGHT8+VEIGHiTH

C ""'CENTER OF GRAVITY CALCULATION**"~
00 20 11,gJC

'0 DISTHF(IVCNSTNT2CA1BER(1fl'. OS(PITCH(l)).CNSTNT3'*CCRO(I)
2.SIN(PITrH(I) 14DISREFL

C THE EFFECT OF RAKV AND SKEW ARE ADDED TO THE DISTANCE OF THE CE
C GRAVITY FRO THE HUB FACE FOR --AlC4 SECTION.

90 30 I=iJC
DISTHF(I)=OISTHF(l)-SKEWR(I)'-X(I) I2.*(IMtNPTD~)-A(AE

31] A(Il=:CHORD(I)#TkIC ,KNS(I)*DlSTHFtI)
8SA2=SIMPUN0CX, #JC)
Cc:NGRV3=8SA219SA I
CEH-GRVS=0DISREF L-CENGRV3

C CENTER OF GRAVITY CONSIDERING RAKE AND SKEW
CENGR-Vi= CWEIGHT8'CE'4GRV34WEIGHTH'GENGRVH) IWEI'GHTP
CcNGRVF=DISREFL-CENGRV j

IF(JPF~.NE.21 GO TO 53
SWT=.5.L822
U9=WE IGHTB*SWT
UP=WEICHTP*SWT
CFL=CENGRVF/OZAP
CgL=CFNGRVB/OIAM
SA=HUeLEN/DIAM
31=F W0DAM/DI~lM
BC=AFT DIAII/DIAM
30=DISREFL/DIAM
BE=HUBDIAM/OIAM
E3F=F OEROE/0I AM
9G=AO0E/0IAM

C***RESULTS OUTPUT**'i
IF(HU8*FO.0o) GO TO 55
PPINT 197, Ut~,UPgCFL,CBL
PRINT 108, BAq68BCqsDD8E9BFf8G

GO TO 53
151 CONTINUE

PRINT 10L4, UBqUPtCFLMOL
PRINT 119, BE,8ABo

53 CONTINUE

C MINIMUM EXPANDFO AP'FA RAtIO CALCULAT'JONS
AJS=VSI(RPSO.IAM),
AJA=WAKE*AJS
AKT;7P~ll'CTS'AJS**2/S.,
AI()CPS#AJS'*3/16.

97,
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IF(JPRoNE*2) RETURNI; P:INT IOSEAR:I1I:AJSAJAAKTAQ PC O

ILAOEStCYLINORICAL NtiS) (N)z* ,Fl5o4//20XtfCENTER OF GRA
2VITY OF PROP REFERFNCFD FROM HIOCHORO OF ROOT SECTION I- FWO, + AF

3T)/O=* F9*6//2OX,*CENTER OF GRAVITY OF BLADES REFERENCED FROM
4NIOCHORD OF ROOT SECTION (- FWOlp + AFTI/Da* PF9*6)

105 FORMAT(/2OX,4 KELLFRS NININU4 EARz*,E1O.4
1//2DXvSPEiLO COEFF V/0ND) JSz',~lo.4/v/20Xp*AOVANGE COEFF V(
21-UTT) I(NO) JA=*#,EOL.//2CXVODFSlGN THRUST COEFF KT=c* E
3I0.4//20X,#TOROUF COEFF kQ~ztEIO.',//
4, 2CX,'PROPULSIVE EFFICIEN 1 Y ETAOx~,Elo.4)

110 FORtMAT(/2DX,'HUB OIMENStONSfQ* lIX94HUS DIAN =*l9o.6/47Xq *HUB L
4IENGTH =fpF9.~40X,'NIDCHOROF ROOT SECTION TO AFT END OF HUB =*,F
2 Q94)

10fi FORM"ATW68*41
107 FORMAT( /f2OX,'WF-IGHT OF 8LfOESU4)z*#,F154//2OX#WEIGHT OF PROP(B

ILAOFS#TAPEREO HUB) (N)= t~~4/2X*'rNE OF GRA
I m ?VITY OF Pq4OP REFERFNCFO FROMI NIOCHOR3 OF ROOT SECTION,-C- FW~v # AF

ST) /1= 4 F9s6//20Xi*CEWTER OF GRAVITY OF BLADES REFERENCED FROM
24 MIOCHORD OF ROOT SECTION (- FWD, + AFT)/dic 9F9.6)

III FOR'ATl/20Xv*HU6 OIMENSIONSfO* IX,*LENGTHm',F9.'./47Xf'FWC DIA
1'4=',F9.4/4TX,'AFT DIAMZ*,gF9i4/47XWmrocmoRo OF ROOT -SECTION TO AFT
2 END OF HU8=#oF9.4/4TX,'HUB DIAN AT 410CHORD OF ROOT SECTION=49F9.
34f47X,*FWO DIAM OF 8ORE=*,F9.4/47Xt4AFT orAM OF 8ORE=*,F9o4)

4''4'
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SUdROUTINE FIELD(ABCUAUTURTtKOEXCOMIpo)
C ** MAIN ** FPV-7 FIELD POINT VELOCITIES AUG 2511969

IXSL(t1) ,XST l~v(11 VX I XUA(11) ,XTZ(i1) ,Z(36) ,P(36) 1
DIMENSION ABCti1,9)
COMMON / WRT/ JPR

DIMENSION DEXti1,3,2) ,COH(1292)

COMMON A(42,42),A3(24,11,3),S(25.,11,3),UC24,1i,3),X!NPUT(11,16),B(
142,2) ,SINKN(29t24) ,XSTAR(ii
1),COSI (1.2) ,COEX(5) ,COSKN(2O, 24) ,GB(20,1.2)tGLR(2O),tGLRZ(20)iG(20) ,S
2MA(100),GLTC20),GT(20,4)GTL(20)MHUB(?),NLE(20),NTE(20),tNU(4i)
3,PHI(42),REMARK(18),R(20),RVLAM(20,U),lRV(Ii),'RVSQ(11),RZLAM(20),R

42(20, ,lRZRV12l3,1)sRZ(20)tRZSQ(20),S8C(20,'4Z) SINIC42)
5,SL(20),SMA(42),SOLPM(20),SrAR(20),Sr(20),SPACE(42)gT-(24,2),WEIGIT
6 (5 ,tX (42) ,XGL(11) ,XI4AP(il ,AY, AHAAA8pACADAE,'AF,AG,'AHAI
7tALBUGBLAOLAOE,B6L,8bBOGBUBCHORCOSIKNPCOSYCCACCLCObEGR
BEEOELTDET,0D2,05i6,075,08,DELMOOELTA ,OUOVwotEEEXGMUGMUIG
9NUIGLMAXGLMINGMU2,HIMAXJrKTPLINEMAXHOUSE -qTqMIN NbpHG
1,NTNX2,NSTOPNTHICKNXNINNMAXNMINNLEWtNLLNiTEMMVVNOENG
2 ,pPQOQQRHRBASERMAPISLMSIMSINIKNSINYSSLTTHICKTPVXLtXPA
3NGLEC 33)PPPZ
nIMENSICA CN(49.3)
EQUIVALENCE CAIKB),CA39,A1),S1,S),-(U1,U) (XRXIN4PUT),
lC(GXINPUT(i2)),(XTBXINPUTC23)),(XLsXNfPUT(3.)),
2(XST, XIhPUT('.5)) ,(XVXXINPUT(56)) ,(XUAXINPUT (67))t
3(XTZvXINPUT(?8))
NOGO~1i)
M'IUBC1)=0
MHU3(2):14'7

'IHUB (4) =30
MH'B5)b60

MHUB(6)=120
MHItB(7)=240
MHU9(6)z360
'HUB(9)=720
1IHUS ( 10) =432 0
DO 51 9=iNOGO
J=N4NOGO-i
I1=N0GO'-N+i
ANGLE(J)=FLOAT(MHUBCN) )*.17453293E-01

51 ANGLE(I4)=-ANGLE(J)
NOGO= 2*NOG0-i
1X0O

I CONTINUE
100 FOR'MAT(14)

IF(NSTOP) 299119
99 RETURN

109 FORMAT(18A4)
I CONTINUE'

NX:4i
KT=ABC (2,9)
LINEi9:
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M.

I ?THCK2Z3

0U00 z,

8? XI4PUT(1,J32ASC(IJ)
XINPUTtlv9)zC*O
XI WPUT (2, 9)*0. 5
XI'4PUT(3,9) =1.25

XIMPUT(5,)Z10.O
xl4PUT(St9)3t5:05

XIMPUT(6*9)xt5.0

XINPUT(21)2000
xINPUT (319)x5*0
xr4PUT(9,i0I2OeO

X1NPUT(6,10)=350
X I NPU T ( 21140 650

V4- xiMPUT(3,101=70.i
X14PUT(49,101250

XINPUT(6 1i0)99
XI4PUT (2, lIO)85.0
XINPUT (3, 113:90.
X1'4PUT (99,j)275,00

XINPUTU(5ID)100.O

XI4PT(2tll)x85I
XZWPUT(63til1.06
X14PUT(4913)21.1t*9

XINPUT(5,14)31.114200 II3 1jI= jj'j0
93XI NPU T(I1 i) X D's 0

Q4 xlPUT!5,i2)51d40Z

XINPUTC6,14)2*1104

XINPUMIM1521#0S?9

U'.. XflPUT(q1)210036

XIWUT(693<:1ooq2



X INPUT (39 15) zi%0 IQ20
-: KINPUT (49, 5lz 1* 1##3

XINPUT (5, 15)0.0o
00 58 1=6,9

88 XINPUT(1,151=0*4
DO 89 I:X1,9

81S XIHPUTCI,16)=090
00 15 1=199
Ztl=XIWPUT'tl99)
7(?..9)=XINPUT (1,10)
ZuI+I8=XINPUT(17il
Z (I4t27)=XINPUT (1,1?)
PCI)=XINPUT(1913)

P (18)7 =XINPUT (19 15)

15 FCNT) 529953

52 NT=-NT

GO TO 54
53 NHFLIX1l
54 RH=XR(l)j *OELT=. 17453293E-014'B

lF (XTB3(2) ) 99,32t33
32 EUG= X T E()

00 14 N=1,NX
34 XTE3N)=UG/XRC(N)
33 IF ()VX(iI) 99,35,36
35 flO 37 N= 19 10

36 IF DZUA (2))1 99,38,39D

38 OUG=XUA(1)
00 40 N=19NX(

40 XUA (N I=(XT8(N) *XR(N) /BUG-XVX(N)f( to +XTi.(N)4 )
39 IFCXTZC2)) 991p41,P42

41 BUG=XTZ(I)
00 43 N=IPNX

43 XTZ(N)=BUG*(L*0-XR(N))
42 00 4 NZIpNX

XMAPtIN)=COMAP(XR(N) ,RH) '.-j

XGL(N) :XR(N)*XT8 (N)
B3UG=XG L CN) CXS T W) -XS L(N)
IF (BUG. GT.C.O000i) GO TO 55
XSTAR (NI)=2. 0iXSTAk tk-i:'XSTAR (W-2)
GO TO 4

55 XSTAR (H)XTZ () *OLT*((L-i *2XR(N) 2)(X'VX (N)XUkN)I/
I (XGL(N) *(XST(N) -XSL M))

4 CONTI-NIE
NX2=NX-2
00 5 IzINX2

POI,15 J(Ii) HX-

S (IIJ-) =SIt(FOAf(J )-lXtiAP,(1410)
6' FtXGA~i)-) 99,6,7i

GO, ro (8 i,9)t4OUSE'
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WTI S CfOT INUF

GO TO 11
7 XG(11=0.0

XG(NX)=1.0
00 9 lzitNX?

P'O 9 JaipNx2

it. IFIJPR*NE*3) GO TO 60
300 FOR'tAT (iH)I

WRITE (6,900)
i4RITE(6,S02) (COM(NIK),N.t2),NXL!NEWTSU~,KTAY
WITE (6,1(04)NTNTHIC1C,XR(N,XT(N)XGL(N),xsLUJ),XST(N~tXG(N), 8

WR'ITE (6,103)T'THICIC,(Z(NJP(N) ,NxINTNXCK)
10? FOqAT C//38X,32H***** IT-P~w? ***w*/892PtPEL

IR FIELD POIN't VELOCITIESI25XPi2A6/i1Xl214NUM6E5 OF IMPUT RADIISX,
21?#?DX%1IeHTYPE OF CHORD LOA~v5Xl/1'tX,99LATTIClE AROANGE4EEt p32X,

* - JiH(l=NACA A-SFRIES)/13X9Z64!O.OF FUIA, RADI-AL SPACES ltiZZIX,?H2
4=ctLIPTICAL ItiMM26ANGULAR SPACING -')EGREES- F4*lpl9Xv1?H(3zFL
SAT PLATE M/IX916HMMJWBER OF BLAOES,12XI121X ,16HA-O)EtlGNATION 0
6F/liXISHNOeOF FMILO POINTS933XPLYHTYPE I. CNORCLOAD,6XfF4*Z)

104 F0O!MATC11Xtl4I4BFTWEEN 9LAOES913X,13sUXvZ5MNO.QF POINTS IN THICKNE
iSSf1x,34H(NEGATIVE FOR HELZGAL C3OROINAlTES) ,1?x,16HFOR INPUT TAB
2LEp6XpI?///13Xril1R96Xp22TAN B1 LAMCA I sL,7?XZHSTv?XqiHG,8Xq
IISHC(N) VA/VS UA&IVS TQ0/(TX6F9.-4sF11.6,F,-3,F8.kF9.4))

t!3 FQP4AT(///24X5dJVELO(,ITY DISTRIBUTION OF 2-D THICKNESS FORM WITHI ~ c T3/L=F6*4//29X,5HFERCENT CHORD VELOCITY 'PERCENT CH4ORD- VELOC
?ITY//C33XP6.2,6XF5.3iiXF6.2fXF5.3))

61 CONfTINU.E
00 44. NzlNTN41CK

0 t=r)E Lm 0.125

0516=0OFLM*0, 3125
07':0 EL H' 0.75
RZ(i)=R14408

________ 0-0



GLRZ()FILLIHIRZ(K)xRxGLMX)

13 G(M)=zC( +(j,)SINFLOAT(J)ORNAP)
GLRZ UMAX) FILLIN(RZ (MAX) VXRtX-jL PNX)
00 17 NZ1I41
00 17 ft-Liza

GT (MpN)xg*C

CALL 'FAN
00 t4. N=1141

14 1

no I(5(,N1OOtO1G819 K

00 4

47 BG:-X/IXG~lNK)

9UG= 0 *
90NELX 49 N 41,N!

4 T BUG1) -EX/G/. 74329)

CSI(N (KCFOS(U)
SINN (0E= IN(UG

50 49GZN=G19LNT

BUG=8LACE-BUB
49 LAOE=BUG
49 'O) 18 M=,HAX

RZSOC t ) xRZ (MI)-2
RZ LA M(M) RZ (M)'GLI'T1

D0 19 Jx1,JT

RVSO( JI) RV(J),**2
DO 19 iMA

19 ?VLAM (tlJ=RVCJ)'GLRZtW)

003 U *:1,jNT

~10i

''~~ ?=wow



31 T (W#2)XT (Nol D.B80

D5=XGL(NX /ft.6#OXGL(WX )*#2)'XUA(NX)o1.0t
02X90 866 8'48I06M (NX)
3LAOEFL0AT (KY)
NSTOPul~VS(NSTOPI
GO TO (2QZ1,Z1,20),#4sT(P

20 CALL LYPAIL
00 23 JhlJT

23 CALL SUNOUT(EXftV(J),TSsSNTJiftCMAt,1,O~DZO8LADEtC4)
21 C') TO (1,21,25,2Q.)NSTOP
25. CALL VORCES

9 00 26 Ju1-,JT
26 CALL GUOTIXlvj Irj#tEAK t090 IAE9Cs

00 22 JzlJT
22 CALL SUMOUT(FX,*V(J),TA3,SNTJtw"AqK3,OeO8,8LAOECN)

25 GO TO (1#1927,27),NsOP
2? CALL q7RAIL

00 28 JzlqJT
2! CALL SUN0UT(F~,PV(J),TUsNTJitENARi,4,D2,UBIBLAOECN)

GO TO(1,1.,1,29)#,STOP
29 no~ 30 JzlJT

CALL. SU'1OUT(EXR(J),TSSNTJR'.Kt,5O2,C,8LAYtCN)
UA U) :CN(11)
URMJ =CNC1$2)

33UT(Jl CN (1,3)
IF(NEX) 200,201,200

201~ NST'P=4''C GO TO J
201 NST')P~g

GO TO t



C FAN *# FPV-? FILID POIN4T VLOCITTES AUG 20,1969
SUBROUTINE FAN

IXSL(ii) ,XST(ii) ,XVX(Ii),XVA(ii) ,XTZCIi) ,Z(36) ,P(36)
COMMION A(42,42),A3(24,1iF3),S(24,1i,3),U(24,2i,3),XINPUT(ii,16),8(
142v2)lSINKN(20#24)vYXSTAR~il
1) ,COSI(42) ,COEXCS) ,COSKN(20,24) ,GB(20,42) ,GLR(20),GLRZ(209 ,G(20),G
2MA(100)sGLT(20),GT(20,42),GTL(20),MHUS(17),NLEitCtNTE(20),NUN(41U
3,PHrf42),REKARK(l8)tR(20),RVLA(0i)RV(i)tVSQ(11)RZLAl(20),Rt

42011) ,RZRV(20ii),RZ(20),RZSQ(20 ),SS(ZG,42),SIMI('.2)
5,SL(20),SMAc42),SOLAM(20),SrAR(2a),$r(20) ,SPACEc42),V(2492)tWEIGHr
6(5),X(42)XGL(ii)XAP(i)AAMAAAACADAEAFA(GAHAI
7,AL,8UGBLAOO, BLAOEB9L,BSOGBU8,CHORCODSIKNCOSYCCACCLtCOEGR
OEEELTOETO2,O5i6,O75,OD8,ELROOELTAOUOVKPEXE-,EXGNUGNU1,G
9tUGLKMAXGLKINGMU~,HIflAXJtKTL1!J~,NAXHOUSENTNIN
1,NTNX2,NSTOPNTHICKNXNINNMAXI4HIMNLEMN1LLNTENPNVVNCOSENOGO
2,PP,COORHR8ASERMAPSLMPSTNSINIKNSINYPSSLTTHICKTPVXLXPA
3 NGL%7( 3) pp fz
EQUIVALtNCE (AKB3,(A3,A1),(S1,S),(Ui#u),(XRpXINPur),

i(XGtxINPUr(12)),(XTBXINPUT(23)3,(XSLtXINPUT(3.)),
2(X';TXrNPUT(45)),(XVXXINPUTt56)),(XUAXI1NPUT(67)),
3 ( XTZtXI *PUT (78)~
00 30 N=1920
q3UG:FLCAT (N) *OFLT
PHT(N+21) =8UG
IIOUS=2I-N
PHI(MOUS.) :-8UG
SINI(CNG2l) :SIN(BUG)

COSI (N421)=COS(BUG)
39 COSI(tOUSE)=COSI(N+2t)

S1111(21):O.0*

COSI(211=i.G
00 1 1t=1,NIN
POOT= SRT (R()*2GLR H 0"2)

D=DEL T*ROOT
SLM=SL (M)/ROOT-O. 25*OELT
STM=ST (t1)/ROOT+O .25*DELT
00 2 N~lt41
NLFMN
IF CPtI(N)-SLM)2,2,4

2CONTINUE
4 00 5 N=N4LEMt41

NTEM= N-i
IF (STf-PHI(N))3,3,5

5 CONTINUE
3 NVVNTEPI-NLEM~i

XL=-SL (M)+RO0T*PHI (NIEm)
CHOR=ST (M)'-SL (M)
IF(NVV-1) 99933934

SH GA i)=0.0

GO TO 35
34 CALL CHORD0
35NLE (H P :LEM

'105



00 t. l4NLENNTE"
G(No, N?= (h IGH (K) I

SW1t,N)=STARCPH'SIA (IC)

CT(ttK)=-GB(1,N) 4BU'
17 aUrG=GT(1,N)

r)ur(:UG&Gt 11)

NTI=HAlX9(?,NTrm1-i)-
P'O Id N=?1,NTEN

ng 21 M:?,141N

no 91 N~lv20

20 qUrt*T(MN)

-3UG=3UG-GTL(C )

'10 21 HXSZ,NTE9 -VNFw)I

90 ?1 N=Z1,20F
GT (A , N) G ( i- It) G:3 f)lr

GTL(Mry=GT (IN)

00 ?? N:l20TE
GT (MA X N) =Gt (INN v H 3UG

?2 :IIJr;T ItiX, N)

IgE 23i N=tNr

9q ST')P

COIy wagaloT to -DC does mio4
primiat fufl lbWe! t~roduiQ

-1,06

. . . . . . . . . . . . . . . . . . .



C * CHORD O FPV-7 FIELD POINT VELOCITIES AUG 22~9069I SUBROUTINE CHORD
DIMENSION Ai(792),KS(2o0sh1),Sicvga),ui(rga),XRc±1),XG(ia),XTsc(ii),
IXSL(i1) ,XST(11),XVX(ii),XUA(1il) XTZ(1i) ,Z(36) ,P(36)
CORION AC42,42),A3(24p,11,3),S(24,li,3),U(24±i,3),XIIlPUTCli,16),8(

14292)qSINKNQ20j24)jXSTAR(II
IJCOSI(!2)pCOEX(5)COSKN(2024)IGB(23,42),GLR(20),GLRZ(20),G(20),GI
2IIA(100),GLT(20),GT(20,u.2),GTL(20),tuIU8(±z),NLECtdr4E(2o),NUM(41)

3ZRV

5,SL(20),SMA(42),SOLAM(20),STARt2D),ST(20),SPACE(42),T(24,2),wEIGHT 4

6(5IX(4Z)l,XGLU1,)XAP1)AYANAAA,ACA,AEAFAGAHAI
7,ALBUGBLADOBLAOEBBL9eBBOG, 8U8,CHORCOSIKNCOSY, CCACCLC,(JEGR
8EEOELTOETD2,0516,O75,O8,0ELMODELTAOUOVOWEX, EEXGNUGKUIG
9NUGLHAXGLMIN.G1L2,H,IMAXJrKTLIN~, HAXIIOUSE,,IMIN
1 ,NTNX2,NSTOPNTHICKNXNINNIIAXNHINNLENNLLNTEMNVVNCOSENOGO
2,PP,QQORHRBASEIPMAPSLNSTIISINIKNSINYSSLTTHICKTPVXLtXPA
3 NGLF ( 33) 1,PIZ
EGUIVALENCE (AKB),(A3,A1),(SIS),wUiPUw(XRvXINPUT2,

i(XG,XINPUT(12)), (XT8gXINPUT(23Ht(XSLpxrNPUT(341),
2(X';TXINPUT(45)).,(XVXXINPUT(56)),(XUAXINPUT(67)),
3(XTZ, XIWFUT(78))

or) 1 N=19NVY
A(IIN)=1.0

1 ofn I 4=29NVV (
I A(MN)=1.0/(FLOAT(N-I)*0e51

N.IN=NVV-i
9Ui=I0O.O/CHOR

00 2 M1,VNMTN

X(m)=XL+(FLOAT(4).0*5)#0
AG=X(M) *8US

2 8(1,i2:FILLIN(AGqZvPNTHICK)
GO TO (3,596),LINE

3 IF(AY-%*99 ) 4P4917
C CAS= 1 CONSTANT LOAD
17 00? 7 M2,NVV

GO TO It
c CASE 2 A SEFIES MEAN LINE

00 8 M=2pNVV

O=AY-X (N-I)/CHOR
3IF(ABS(g)-0.0001) 14,14,15

14 QQ=0.0

GO TO 16I
15 0)=Q*ALOG(ABS())
16 PP=V*ALOG(V)
8 8(p',)=2.04 O*((PP-QQ)/E-ALOG(X(M-i)/CHOR)-1.QII((AYg1.oJ)*CHORI

GO TO It
C CASE 3 ELLIPTICAL LOADING
5 n0 9 Fl:2,NVV
9 8(t)40O(e-s*(-~C

GO TO itPR/CO
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C "~LTRAIt. FPV-7 FIELD POINT VELOCITIES AUG 20,1969
SURROUTINE LTRAIL

1XSL(113,XST(11)sXVXtLi)',XUA(ii3XTZ(i1),Z(36),P(36)
COMMON £(42,42),A3(24,iI3),S(24,lt,1),U(2411,i3),XINPUV-(11,16),83(

14?,2) ,SINKN(20j24) ,XSTAR(11
1) ,COSI(42) COEX(51,COSKN(2024) GB(2 l,42) ,GLR(20) ,GLRZ(20) ,GCO) ,G
2KAt100),GLT(20),GT(2O,42),GrL(20),fHUB(i)pNLE(2ObgNTE(20)tNUM(41)

3 ZRV
42(20, 113 ,RZRV(20,11) ,Rz(20), zsQ(20),SB(20,42) ,SlNI(42)
5,SL(20)PSMA(42),SQILAN(20),STAR(20),ST(20),SPACE(42),T(24,2),WEIGHT
6C5)7;X(42),XGL(11),XMAP(113,AYAHAAABACAOAEAFAGAHAI
7,ALBUGBLAODBLAOEBBL,86,pOOG,83,CHOPCOSIKNCOSYCCACCLCOEGR
8EE,DELTOFT,02,0516,075,08,OELMOOELTAOUOV.,OWEXtEEXGNUGMUIG
9NUGLMA~,GLMINGMU2HINAXJTKTLINEg1AX.i1OUSEHTNIN

* I ,NTNX2,NSTOPNTHICKNX.NINNMAXNHI14tNLEflNLLNTEMNVVNCOSE ,NOGO
2,PP,00,oRHRBASEg,MApLMSTM,SINIKNSINYSSLPTTHICITPVIXLtXPA
3NGLI:(33)PPZ
E')IJIVALENCE (AKB),(A3,Ai),(SiS),(UiU),(XRXINPUT),

1(XG,xINPU)T(12) ),(XT9,XINPUT(23)), (XSLXINPUT(34)),
2cX' T,X1NPUT(45),(xvxxINPUr(56),(XUApXINPUT(67)),
3 (XTZ9 XINPUT (781)
no 5 N1,v792

9; Sl(N)=0C
BUr(=4O 0
00 1 J=1,JT
n0 1 M=1,MAX
9OG=A;3 (r V (J) -RZ (4))

* .IF (tOG-BUG) 2,1,1
R UG=BOG
TP=EX/GLOZ (M)

i CONJTINUE
IF(TP-ANGLE(13) 3p394

4 nlo 7 M41,NOGO
NLOW=M
IF (ANGLE (M) +TP) 7t7,8

7 CONTINUE
8 IF(NLOW-1) 10,10,11
10 GAAdi)=TP+ANGLF(1)

GO TO 12

DO 9 =LWNr

v NCOOE=NOGO,-NLOW*1

C0EX(23=.230765*0ELT4
COEX(3)=*5*'FLTA
COEX( 4)=. 769235*DELTA
COEX (5)=*953 090*OELTA
WEIGHT C1)=059232*DFLTA
WEIGHT (5)=W(IGHT (1)
WEIGHT (2). 10 65 7*UELTA
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WEIGHT (4) :WEIGHT (2)
WE-IGHT (3).1i42222'vOELTA
DO 6 L:i,5 I
GNUzGMA(I)4COEX(L)
COSYZ COS (GNU)
SINY=SIN(GNU)
00 6 K~liK,
00 6 NIvNT
COSIKN=COSY'COSKN (KN) mSINYOSINKN(KNI
SIIIKN:SINY*COSKNCKNI #COSY'SINKNCKN)
00 6 J~ilJT
DO 6 M7?1, MAX
9OG=SQRT(((EX-GL"Z(M)'PGNU)"*2RVSOCJ)RZSQ(M)-RZRV2(,J)4 COSIKNI*

1*3)
BOG=WEIGHT tL)*GTL(HM/8%
EXGNUJ(EX-GLRZ(M) 'GNU) 'RZ(M)
S (No J vI=)''.4JII (RZ SO(M)-ltZRV(M,J)*COSIKN) *BOG

SCNj,*3)=S(NJ3)(RVLA(HJRZLAM()COSI(NEXGNU'SINIKN)'9OG
6 CONTINUE
3 RETURN

F41
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C VOPCES *'FPV-7 FIELD POINT ELOCITIES AUG 2091969
qUeROUTINE WOIRCES
DIMENSION Ai(T92),KB(20,141),S1(?92),Ui(T92),XRcii),XG(I11.,xT8(i1),

COMMON A(42,42),AS(24,11,t3),S(24,1i,3) ,U(24til93)tXINPUT(iigl6) ,B(

1),COSI(42),COEXC5),COSKN(20924),GB(2,421,GLR(2)GLRZ(20),G(23),G
?MA.(1O),GLT(2O),GT(20,42),GTL(20),MHUB(17),NLE(20),NTE(20),NUM(41)
3,PHI(42),RFMARK(i8),R(20),RVLAM(20,i),RV(11),RVSO(11),PZLAM(20),R

5,L ,)SMA(42),SOLAI(20) ,STAR(20) ,STC20, ,SPACE(42) ,T(2Ls,2) WEIGHT
6(5),X(42),)XGL(11),XMAP(1i),AV,AM,AAA8,ACAO,AE,AF.AG,AH,AI
7,ALBUG,9LADDBLADEBBL,BO,BOG,8UB,CHORCOSIKN,COSY,CCA,CCLCO.GR
8EE-,OELTi)ET,02,D516,075,D8,OELMt,DFLTA,!3UOV,OWEXE,EXGNUGMUi,G
9NU,GLMAXGLMINGMU2qHIMAXJT IKTLINE pMAX ,IMOUSE vMT,M IN
1,NTNX?,NSTOPNTHICKNXg,dNNMAXNMI'4,NLEM,NLLNTEMNVV,NCOSE,NOGO
2,PP,OO,0,RH,RBASER.MAPSLM,STMsiNrKN,SII4y,SSLTTHICK,TF,V,XLXPA
3NGLE(J33) IPZ
EQUIVALENCF (AK9I,(A3,A1J,(S1,S),(Uj,U)t(XR,XINPUT),
1UCGXI 'PUT(12)),CXTBXINPUT(23)),(XSLXINPUT(34)),
2(XST,XINPUT(45)),(XVXXIt4PUT(56)),CXUA,XINPUT(67)),
3(XTZ, XINPUT (78)?
00~ 3 N=19792
UiJ(N) =0*0

3 A i(m):0
flO 5 I=1,41
01 K=IKT

00 1 tl,NT(OINCS()rSNKN)SN()S1K4KN
SINIKN=SINI(I)*COSKN(K,N)+COSI(II$SINKN(KtN)
00 1 J:1,JT
33=-.0*V(J)*'COSIKN
rj0 1 PC=i,MIN
IF(Gi3(MCI).EQ.0.0) GO TO 1
A A =EX-GLR (MC)* PHI( I)
A3=AA##2gRVSO(J)
AC=4. 0 (AA**2+RV'zO(J)'STNIKN*42)

AG=0. 0
AI4=0, 0
AI=0. 0
00 M~mtmo
IF(ABS (AC)-O.0000i1 4,4P6

AD=-0s*?5/AE**2
AF=-0.S/AE4+0.125*88/AF**?
GO TO 7

6 AE=AC*SOFT(RZSt)(M)tRZ(M)*6+Ag)

AF=-(38*RZ(M),2*0#AB)/AE
7AG=AG~flUG#AO*GB(?4C,I$

AH=AHe+RUG*A0*S(C,I)
AI=AI+FUIG*AF*SB(Mt'CI)

a BUG=-BUG
8 U(kJ,J, 1)=U(NJ,1)-KV(,J)*SIN(N*AG
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U(NPJPZ):U(NtJP2)+AASINIKWAG

A3(NJ,3)zA3(NJ,3) -SINlKNWAI
CONTINUE

5 CONTINUE
RFTURN
ENDV

I .. .. ... .. ... .. )



oil - C TRAlL *'FPV-7 FIELD POINT VELOCITIES AUG 201969

SU9ROUTI4E 8TRAIt.

IXSL(1l),XST(11),XVX(11jgXUA(t1),XTZ(11),Z(36),Pc36

1'2.?) ,S;INKN(20,24) ,XSTAR(il
B ,COSI(42) ,COEXC5) ,COSKN(2O,24) ,GB(2Ot.2) GLRC2O) ,GLRZC2O) ,G(2O) ,G
2MA~iO 0) GLT (20) ,GT 201.2), GTL( 20) ,MHUB(173 ,NLE(20) ,NTE(20) ,NUM4(41)
3,PHT(42),REMARK(18),R(20),RVLA(20ii)RV(ii)RVSQ(11),RZLA"lC20),R
37RV
42(20, ii) ,RZRV(20i:),RZ(20)tRZSO(20),S3(20,42) ,SINI(42)
5,SL(20),StIA(42),SQLAMC2O)ISTAR(20),ST(20),SPACE(42),T(24,2),WEIGHT
6C5),X(42),XGL(11),XI'AP(11)AYANAAA3,ACAOAEAF,AGAHAI
79AL tBUG 9EL ADDOBL AOE9313L98BBOG9 BUBPCHOROCOSIKNoCOSY9 CGAvCCLqC VDEGR
8EEOELTOET,02,D516,075,D8,OELIIDOELTAOUovOWEXEEXGNUGMUIG
9NUGLMAXGLIIINGKU2,H, IIAXJrKTLINENAKMOusE,!4TMIN
1,'41NX?,NSTOPNTHICKNXNINNNAXNHI'4,NLENNLLNTEMNVVNCOSENOGO
2,PPQQQRHRBASERNAPSLMSTNSINIKNSxNYSSLTTHICKTPVXLXPA
3NGLE(31) ,PZ
EQUIVALENCE (A,K6),(A3,A1),FSi,S),(UIU),(Xr~tXINPUT),
£ (XG, XINPUT(12))t,(XTBXINPUT(23)) , XSLXINPUT (34)),
2(XSToXINPUT(45)),(xvxXINPUT(56)),(XUAIXINPUT(67)),
3(XTZXINPUT(78))
'30 3 N=1,7q2

3 Ui(N):00O
00 1 L=1949
GMUI:PHI(L)( DELTA=FHI (L41)-GMU1
COEX( 1) :0.2113250DELTA
C0O.X(2) :0. 83675*OELTA
WEIGHT (l)=D.25*DFLTA
WFIGHT(2)=WEIGHT (1)
00 4 1:1,2
GN U= G.1 JI+C OEX ( I)
COSY=COS (GNU)
S TNY:S T 4( GNU)
00 4 K=1,KT
0O 4 N=INT
COSIKN=:CUSY4COSKN(KN) -SINY'SINiKN(KN)
SINIKN=SINY*COSKN(KN) +COSY'SINKN(K,I)
00 4 J=I JT
00 4 HiI'AX
IF(GTCIIL.EQ.O.0) GO TO 4
BUG=SQPT(((EX-GLR~Z (t)GNU)*2+RVSQ(J)+RZSQ(M)-RZRV2(MJ)* C3SIKN)

LJ(NJti)=U(NJ,1) +(RZSQCM)-RZRVCHJ)*C'1SIKN)*SUG
U(NJ ,2) :U(NJ,2) +(PZLAM(M)'SINIKN+EXGNU*COSIKN) *BUG
U(NJ,3)=UCNJ,3)+(RVLAt(MJ)-RZLAM(M)4COSIKN.EXGNUeSINIKN)*BUG

4 CONTINUE
i CONTINUE

RE TUR N
FrNl
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4 C '~*SU
TMOUT FPV-7 FIELD POINT VELOCITIES AUG 2S19

SUMRUTINE SUMQUT(X,)R,~,USN1,JftREHARKI(OOEA,8,CCN)
orMENSICN T(24,2),UC24,1i,3),S(24,11,31,REMARKtL1)SN(4,

3 )

DII4ENSION CN(1qs3)
GO TO (l92t391,5)9KOnF

1 GO TO 21
2 GOTO021
! GO TO 20
4, GO TO 20
S CONTINUE

20 O 12 1mi,3
L=J*I-I

112 CALL HARIAN(U(1,Jiv)T,C(I),N(l4),N~L)
SP=A* (BmLSN( 1,1)*SW( 1,3) )
Cc=A# (B4CN(2q1)4RCN(2f3))
PM=SORT (SP**2.CP'42)
IF(ABS(SP)-0*0000i) 13,13,1.1.

13 PT=9O.Odi*0-SIGN(lo00CP")/C
GO TO 15

14l IF(ASS(CP)'O.0001) 16,91611

GO TO 15
i? PT=(99,0gATAN(CP/SF)/e174532

93E-0l)/C
IF(SP) 18,18,15

Is *T=PT,18Uo0/C
115 CONTINUE

GO TO (9,8,8,89),KODE

a 00 7 N=IPNT

S(NJK)=S(NJK) iU(NJqK)
7 CONTINUE
9 RETURN

C COMAP FPV-7 FIELD POINT VELOCITIES AUG 20,1.969

FUNCTION CO,'AP(TEIIPRH)
IF(TEMP-.999) 1,4,2

2 C040=P3#1405926
GO TO 19

i CN=(I*OPH-2 0*TEMP)/c1.c-PH)
IF(A83S(CN)-*0000i) 17,17,18

17 CO'mAP1,.570?9c63

GO TO 19
iq CTN=SORT (.i.0C-N2) /IN

CO'4AP:AT AN (CTk)
IF(CTt4) ?Qp19#i9

20 COIAPCCMAP+3 11.15926
19 RETURN

C ENO OF COI4APFmrC
,113



C 0* FILLII*' FPV-7 FIELD POINT1 VELOCITIES AUG 2091969
C FIND'S' Y(X) FROlP TABLE OF
C A%(N) AND OR(N) CONTAINING NO POINTS.

FUNCTION FlLLIN(XABQQOVL,*O)
OI!IENSICN A8(SM00OFL(3)

C DINENSION A8(3)qOR(3)
ANTRA(0g01FLQ002FLq003Lt0OIFLQ005FLQ006FLQ007FL)zQO05FL*(O0

i04FL-002FL)(Ql04FL-O0003FL)IC00FL.Q002FL)*(O001FL-Q003FLI) Q0
206FL.(Q204FL-Q001FL)'(0004FL-Oa03FL),CcO002FL-O@01FL3'(OO02FL-O003
3FL)).(OCgFL*(QO0f4FL-QOIL)(QO4FL-QO2FLU/(QfO3FL-O01FL)* (000
43FL-QOO2FL))
IF(X-AB(U*) 1,3,2

3 Y~flOOOFL(l)
GO TO 99

£ Y=ANTRtA(A13(I)AB(2hIAB(3tX,2000FL(i),QOOOFL(2),QOOOFL(3))
GO TO 99

2 IF(X-A9(2))l,6,5
6 Y~)0OFL(2)

GO TO 134
5 00 7 1=3,NO

"4=I

9 Y~q)0OFL1l)
GO TO 99

8 T=ANTRAB(M?)8H1AB()pM)0000FL(M2)OFLIM)QCOOFL())
99 FILLIN=Y

RETURN
END)

C 4* HIARMAN 444 FOV-7 FIELD POINT VZLOCITIES AUG 20,1969
SU3ROUTINE MARNA N,.tT 9. 41,TIJUMP~)
DIMENSICN C(2493),S(24,3),T(24),A(4),8C4),X(2L4
IF(JUMP) 2,1,2

t =N
00 3 N=iNT
tNGLFLCAT (N-l)#360*0/O
00 3 K=113
E=FLOAT (K)*ANGL**17453293E-01
C(NtK)=?.0#COS(E)/D

3 S(NvK)=2.0*SIN(E)/V
2 10 I' K=194

A(K)=O*O
4 8(K10.0

00 5 N=1,NT
Atl)=A(1)4X(N)
On 5 K=193
A (K~i) :A(KGI).X(N) *C(NK)

5 8 (K)=B (K) +X (N) S N 9K)
A(1)=A(1)/D
RETURN
SND
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C, MATRIX INVERSION WITH ACCOMPANYING SOLUYION OF LINEAR EQUATIONS

C NOVEMBER 1692 S GOOD DAVID TAYLOR MODEL BASIN AN MATI.

SUBROUTINE MATINVCAgNilaoM1,oEEMIa

C GENERAL FORM OF DIMENSION STATEMENT

c DME"SiON At ),8 )NOEX( 3

flhlSCN A(4.2,421 ,8(4292) ,INOEX(42,3?

EOUIVALENCE (IROWJRtOlW) (ICOLUM*JCOLUM)o CAMAX, T, SWAP)

C INITIALIZATION

10 OETERM=1.0
is 00 20 J=19N
20 INDEX CJ,3) z0

39 00 550 1=19N
C
C SEARCH FOR PIVCT ELE14ENT
C

40 AMAX090
45 00 105 J~i,N

IF(TNOEX(J3)1l) 60, 105, 60
60 no0 £00 K=1,N

IINDt.X(K,3)1I) 50, 1.00v 71.5

81 IF ( AMAX -ABS (A(JtK)D) 85, 100, 10o

A0A ASS (A(J,K)) 
1

10') CONTINUE
195 CONTINUE

IN'1EX (ICOLUM,3) :INDt.X(ICOLUM, 3)4.1.

260 INOEX(Tg,0=IROW
270 IN0Ex(l92)=IGOLUM

C INTEPCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL

£30 IF (IRCM-ICOLUM) L401 310, p440

140 OETERM=-DETERM

150 01 250 1:1, H
220 SWAP=B(ZROWsL)
230 B(IROW,L)=ACICOLUML)
200 B(ICOLUHL)=SWAP

22 DIV=IDPIOT O g IVTELMN

C

310 PIVOT zA(ICOLUIIICOLUM)
OETERM=DETER1H#P!VOT

330 A(ICOLUMICOLUM)=lf)

340 00 350 L1.,N()
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350 A(IC0LUML~wA(IC0LUML) ,PIVOT
3SIF (K) 360, 380t 360D

* 360 00 550 L1=iN

4230 A(L1,COLU'4)8I0L.1PV0

30 00 590 L~ii,N

355 IF(LI)I550, 550 5560t

460 00 500 L~ivM
500 B(L1qL)=B(L1vL)-8(ICOLUNL)#T
55'] CONTINUE

* C
*C rNTERCHANGE COLUMNS

C
600 00 710 1=11N
610 L=N+i-I
620 IF (IN0EX(L9i)-INDLX(L,2)) 630, 710, 630
630 JR0W=IN0EX(Lq1)
640 JCOLU.N=INOEX(L92)
65'] DO 705 K=1,N

C. 66'] SAP=AC(,JROW)
670 A(KIJROW)=A(KIJOOLUM)
70'] A(KJCQLtJ'iVSWAP
705 CONTINUE
710 C0'4TINUE

030 730 K =1,N
IF(1NOFX(K,93) -1) 715,720,715

720 CONTINUE
730 CONTINUE

140 PETURN
715 1'= :2

GO TO 740
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SUBROUTINE OLO(BZIPO)
DI'MENSTON AZZC36,3g)
OIPENSICU BZ(I11) 1
DIMENSTON CZ(108),TL(12),6(99),AP(9,i),AQ(9,9),AU(999),Azl(9,g),AX(

19,9) ,AY(999),0A(9tq) ,FT(9) ,CG(gti)
OIMENSICN EA(9t8)9'B(9,8),EC(9,8),IED(9,8),PA(8),PE(3,3),PG(3,3),PN

OI)IENSICN FL0C9),ALO(9),POCT(9),AOCT(9),FDCP(9),AOGP(9),FOPT(g),AO
IPT(9) ,FOMT(36) ,ACHT(36),FOM'Q(36),AONQC36) PFTs(9),A'TB(g),rMQB(9),
2A1108C9 ,F'4X0(9),ANXO(9) ,FI'IO(9) tAMYO(9)

COMMION /WRT/ JPR
OIZIENSICN INDMX3,3)
COMMON CZ ,TL ,6 ,AP ,AQ ,AU
'COMMION AW ,AX ,AT ,QA F~T ,CG

COM40N 90 ,BY ,KO , H13 1 CIP ,WAXA
00 30 I1112

39 TL(I)=BZCI+99)

£ KOUNT~n
KT=0

CA =0.0

00 15 1=1,9
3(I+80)=8ZCI+81)

5 BCI+90)=BZ(I+90)
GO TO

6 00 7 1=119
9(I480) :1 Z(15)

7 9(I+90h=BZ(15)
8 00 9~ 1pt

00 10 t1145
10 3(I+L4)=&ZCI16)

B (601 =e Z(15)
00 11 1=1,9

3(I460)=BZ(I+63)
it 9(1+T0)=BZ(I+72)

09OOFL=8 (10)
IF(JPQ..NE*2) GO TO 100

WRITE (6,12)
12 FORMATCIH1,44X,32HCONTRA-ROTATING PROPELLER DESIGN/i

WRITE (6,13)1(0

13 FORM4AT (li0X,5HPAGF 12)
W?.ITE (6,14)

14 FORMAT(55X9i0HINPUT DATA///)
WRITE (6, 15)(BZ(I),r1ioi)

15a FORMIAT (6X,9Fl2*4)
IF (BCI5)Wi716,17

16 WRITE (6, 15) (BZCI)vI=82,99)
100 KO=KO41

17 FCC=B(iO)
V B(121=*95

BC 14) 1. 05
PM912)

-- 81B=3.0 -



q jl jz a
8J22000

RSL:B (7)/(3.14159278E(.)*8(2))
NZi1B (16)
HZ2B8 (11)
00 300 KI=1,2
IM(I-2) 201,202,202

291. KJ=3
GO TO 203

202 KJ~i
203 CONTINUE

no0 201 KCZi,KJ
EC~zNZ1
R(10) =NZI
CALL SUNI

19 on 20 021,99
WACMO,1)sAW('40,1)

XAc'Ovi)=Ax(mO,1)
20 OA(I10,1):CG(I4Oqt)
21 K2=11B

GO TO (25122)9K2
2? N=9

23 FORIIAT(I1)
Ki:JP-N
IF(KI) 1,24,1

24. GO TO A2
25 00 ?6J1,99

KK~f4
EA(JKKl=AU(Jp1)
F9(J, KK)=AWfJqi)
FC(J, KK)=AX(J,1)

26 EO(JKK)=AY(Jji)
8 (to0) Z
CALL SUBI

00 226 J~ip9

* EA(.JKK)=AU(Jp1)

EC(JgKK)=AX(Jgi)
226 E9(JKKl=AY(J,1)

57 CALL SUM2ECCE13,ECIEDORIPO)
BZ(16)ZI4R
PAT=PAW (l*C10-FT(9))**2*PA(SI
00 58 I=199
IM-I1) 400,1400,401

401 IM-I91 402,1400,402
400 FL0(I)=*0

ALO(I)Z.0
60 TO 403

4.02 CONTINUE
F10(1 )CZ(I49) /9(1+6Q)
FLO(I )S(I+60 /PLO (I
ALO(Il=CZ(I+63)/B(I+70)
ALDM=9Z(I490)/ALD(I)
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1.03 CONTINUE
FOCT(I).z(1.0-FLO(I)9 CZ(I)I'CZtI+18)

FDCP(I)z(1.0'.FLO(I)ICZ(I)) 'CZ(I+27)
AOCPUI)zC1.OALO(I)/CZCI+54)I*CZ(1.81)

58 AOPT(IDmf(I+32J*A0CT(T;
FCWSIMPUMM1~5) .FOCTv9)
ACT=SIM4FUN(CZ(C46) IAOCT,9)
FCPzSIMFIPW(B(!5) ,FOCP,9)
ACP=S IHPUNCCZ('.6),AOCPp9)
FCPT=SIIhPUHC8C15) ,FOPTt9l
ACPTSI'4DUN(GZ(.6) ,ADPT191
FFE:F(GPT/FCP
AFE=ACPT/ACP
FCOC=FGT/FCP

* ACOC=ACI#'ACP
TFCT=FGT4.Ci.0-FT (9) )**20ACT
Jj=Jj~j

BY=TFCT
209I PtA(KC)=3Y

IF('CI-2) 204,67,67
204 CONTINUE

00 31J1:1,3
PE(Jvll)z 10

3t PG(J,1)1.io
00 32J=1,3
PN(J,1)=PA(J)**2
PE(Jp3)=PN(Jl
PG (J 9 3) =PE (J,9 3)
PECJ92)=PA(J)

32 PG(J,2)sPE(J,2)

PI C? t1) = (3
PI (3, D=8 (14)
CALL MATINS(Pti,3,3,PI, 1iOETEPPI11DINOEX)
IF(ID-1)33935,33

33 PRINT 3'4
GO TO 82

34 FORMIATC16H GTSl* 1S SINGULAR)
35 PK=BQ

PL=PKP'2

IF(CA) 37,36,37
36 A'4=PR

CA~i.0
37 8i12)=PR
60 CIIP:1.0

00 61 1=i,9

61 B(I.6a)=8Z(I+63)
62 00 63 1=1,9
63 B(I+50)=A4*B(1+50)
64 C*IP=i.0



3006 CONTINUE
67 TCP FCP+(1.Q-Fi(gJ)**2'*AP
TCTP =FCPT +(I.O-FT(9))**2*ACPT

TCOC =TFCT/TFCP
FNKT=6(a)48(2)#$3*3.14159265*B(?)**#2/(16,@.B(10))
AN#AT=FN4T*8(10) 1 B(II)

Alu4O=FNMq048(ba) 18(11)

On 68 J=194
00 68 1:1,9

K-:3' 2

Af:JTu)=CZ(Y+45)-CZ(K41 )10ADCT(I)
FO!10()=(8(I114-8(Kt13))/8(14i4)*FOCP(l)

61 AOM=)(CZ(I.45)-CZ(K.44) )ICZ(T445)*AOCP(I)
DO 69 I=199

69 AIIOB(I)=Q*0

A'TBCi)zSIMPUN(CZ(46) ,AOIT(1),9)

A4C5(i)=SIPIPUNCCZ(46) ,AOMO(1),9)'C F'T8(3)=SIMPUN(8(17),FIIT(12) ,7)
AaT3(3):SI1APUN(CZ(.0) ,AO4T (12) ,7)
pFlI')(3)SIMPUNC(i7),PQMO(j2) ,7)
A't(J(3)=SIMPUN(CZ(48) ,AD1IO(i2),T)
F'TB(5)=SIMPUN(8(19?),F0MT(23) ,5)
A111(5)=SIIIPUN(CZ(50) ,AO4T (23) ,5)
FV)8(5):SIIIPUN(B(19),FOHQ(23) ,5)
AMCF(5)=SIMPUN(CZ(50) ,AEMQ(233,5)
F4T,(7)=sIHPUN(8(21),FOMT(34h ,3)
AMTB (7) :SIPPUN (CZ (52) 9A POT (341 93)
FmV)9(?):SIIIPUN(8 (21), FOMOC34) 3)
AIIC6(7)=SI11PUN(CZ(52) ,ADMO(34) ,3)
00 70 1:1,9
F11T9 (1) PFNI4T*FMT81( I?
Am9gI)ANTA4TB(I)
FMQ9(I):FNtlQFMQ8(Y1

7'0 AM09(I)=ANMQ*AMOe(I)
no~ 71. 1=199

A#1,O (I) :AMT8 CI)#COS (CZ(I490)) #AMQB( I) SIN(CZ( 1.90) )

IF(JP~oNE*2) GO TO 91
HRITF (6,12)
WRITE (6,i3)O
WRITE (6,p72)

72 FORMAT(52XlI4HFOPE PROPELLERMh
WRITF (6,73 )FCTF'CPFCFTgFFEFCOCtc73 FORMATM9 CTS:IPEiC.4,9H CPSzlPE10a494 CTPxIPEi0*4v9H

kF:1PE1O.4t13H CTS/CPSxlPEiO*4)

C 120
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WRITE (6,74) I 3
7'. FORMAT(IH

WRITE (6,74)
WRITE (6, 75)

75 FORMAT (17x,ZHXI,8XTHEPSILON,7X,3HNTB,9x,3H1Q8,9X,3HmxO,9X,3HMY0,

WRITE (6,74.)
91 KO=KO.1.

90 92 I~itg
92 0ACI,1)xQA(I,±)fOOOOFL

IF(JPR*NE.2) GO TO 94
DO 76 1=t,9

76 WRITE 16,77 )B(I+i4),FLC(I),FMTh(I),FNQB(I),FMXO(?),FMYO(I),IQA(I

77 FORIAT(12XIP6Ei2.4,6XIiSXE12.4)
WRITE CS,?'.)
WRITE (6974)

WRITE (6,74) i
78 FORMAT(53Xti3HAFT PROPELLERf/)

WRITE (6,73 )ACTACPtACPTAFEqACOC
1R IT E (6,74)
WRITE (6,75)4
WRITE (6,7.)

94 00 93 1=1,9
93 C G (1,1)=C G (I pi) f 8( I )

00J~oE2 GO TO 22
00JR.E2 GO TO 22

*?S WRITE (6977 )CZ(I+45),ALD(I),AMTe.(I),AMQ8(I),AtXlxIRAMYO(I),IvCG(

WRITE (6,80)

81FORMAT (57X,15HTOTAL///)
WRITE (6973 )TFCTTFCPTCTP,1PFEtTCOC

82 CONTINUEI

RETURN

CND
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SUBROUTINE SUBI,
DIMENSION CZ(108),TL(12),8(99),AP(9g,3),AQ(9,9),AU(9,9),AW(9,g),AX(

19,9) ,AY(9,9) ,A(9,9),FT(g) ,CG(9,i)
OIPIENSICN P(81) AH(iO,9)
01NENSION AJ(9,9),AL(9),AO(9,9),AR(9,9),AS(9,9),AT(999),AV(g,9),AZ
1. 9,9) ,C(g),EC9),F(g),G(9)14(81) ,BA(9,9) ,B8(9,9),8C(9,9) ,80C9,9) 8E
2(9,9),BF(999),BG(999),BH(9,9)9WA(9,9),XAC9,9)
DIMENSICN CF(9,ibjCH(9,9),CI(q,1)
OIMENSICN 8K (9 1 ss(g),tCO(i0 9,0 (9)10 (ail
OIMENSICN INOEX(9,3)
COM40ON CZ t. TL ,8 ,AD fAO ,AU
COMMION AW , AX tAY 9 OA f FT fCG'
COMMFON 80 BY 8 KO , M3 , CI9P ,WAXA
CA=4.0

AH(2, 1)=C (I)
Ct=C( I)2
A3G=(10 0-CE)
IF(ABC) 1,2,3

I A:3C=-ABC
GO TO 3

2 A3IC=, 00e
3 Ct (?,I)=SOPT(Aer)

CO(1,I)=0.O
AH(2, 1)=1s0

CO(2 1)0O.O
A'I(2,9)=1. 0

L=J-1
00 5 K=199

00 5 I=?,8
6 E(t):3.1415927/c0(?,I)

RSL=8(7)/(3*14t5927*R(4)*B(2))
IF (9(S1-0,O) 9,799

8 8(J.S0)=RSL/(8(J414)*B(5))*SORT(83(9)'BCJZ23))
5 00 10 J=99
IC F(J?:O(12)*9(JS50)
it 00 £2 J=1,9
12 G(J)=i.0/F(J)

00 13 1=1,9
JNO:I-i
00 13 J1,p9
K=Q#JNO.J

00 14 Jcj5 9

00 'e.5 N1,t9
KNO=N-1

tlNO=N-i
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00 25 Izl,9
J=9*IqNO.I I
IF(H(J)-G(I)) 16,15,16

L29K=I*NO*I

O(K)=COS (0 (1))
P (L) =S IN (Q(I
GO TO 25

16 S1.s0 +H(W) #2
T=SQRT CS)

W=SORT CV)
AE=T-W
U~cXP (AE)

AC~t. 5
Ag=*25

X=(j.0/(2,0#B(jg)*G) )(VS)*
YF((J)GCI)) 2121,17*C)(3,*(J*220)(*A)

t7 AF:1. 0 +1. 0/(R-1.0)
IFCAF) 16, 19,20

18 AF':-AF
Gr) TO 231

19 AF=, 0001
20 AA=X* C1*0/(R-1.0)-Z*ALOG(AFl)

Kzg*KNOI
L=*L NO+I

GO TO 25
21 AG:1.041.O/(i.U/P-l.0)

IF (AG) 22!23124
22 AG=-AG

GO TO 24.
23 Ar,=, O 0 n
24. AB:-X*11.0/U.. 0/R-1.O)eZ*ALOG (AGI)

K=9*KNO#I

PCL)=2.0#B(10) #;2*G (I)4(1.0-G(I) /HCj))*Aq
2'5 CONTINUE

00 26 I~i,9
IMO=1-t
00 ?6 L~i,9
K=99#IMO#L

26 APC(LpID=0(K)
00 27 1=1,9

00 27 L=1,99

27 AQ(LI)=P(K)
00 28 1= ,i9

280D 28 L=109
2AJCLI)=AH(IL)
00 29 1299
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2 00 21 Lzl,9
29 Af)(Lq I)=AH(ItL)

CALL NATINS(AJ,999,AP,9,9,oETERWI0,IN0EX)
IF(IO-1) 30,32,30

39) PRINT 31
GO TO 110

31 FORMIAT (26H I(A) IS SINGULARt FOP Z(F))
32 CALL MATINS(AD 99 ,AO,991qETERMI10pZNDEX)

IF(ID-1)33,35,33
33 PRINT 34

GO TO 110
34 FORMAT (25H 1(T) IS SINGULAR OF ZVI)

35 AS~i1)=APCI,1)4AP(2,1)
00 36 J=?,8

3E AS(J, i)=AS(J-i,1)+APCJ+1,1)
AS(9, 1)=AS(8,i)
00 37 L=199

37 AW(L,1)=FLOAT(Ll*AS(L,1)
00 38 L=2,9

3e AU(I(,1)=AP(L,1)*FLOAT(()
AtJ(9, 1)=0.0
AV(9, )=0.0
00 39 L=2,9
JztfJ-L

30 40 121,9
40 AZ(L,1)=(AW(Lti) +AV(L,1))*3.14l5927

00 41 I=2,
0') 41 L=299

00 43 I=218

1;0O 42 J=2Q
K=J-1

42 AS(J, I),.AS(Kti)+AR(Ji)
43 AS(9,1)=ASCB,1)

0') 44 1=298
0') 44 L:1,9

00 46 1=298
* 00 45 L=299

K=L-1
45 AU(KI)=AP(LI)*ro(L,I)

*46~ AU(9,I)=e*0
00 47 I=218
AV(9,I):09o
00 4? L=2,9

00 48 1=21

48 AX~q.I)=AH(JqI)*AV(LI)
00 49 I=296
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00 49 LatI,9
49 A Z(L, I)=C(AWCLI) +AX (L 9))*FCI)

00 50 Lsi,4I
J=2*L

50 AP(J,9)=-1,O#APCJ,9)
AR(is1 9)zAP(1,9)+APC2f9)
00 51 122,8

St ARCL,9)AhR(L-I,9),AP(Lfiv9)
AV(9v9)XAR(899)
00 52 L:1,9

52 AS(L,9)=FL0AT(L)*AR(L,9l
00 53 L=299
KL- I

53 AMC, 9) =FLOAT IK) *AP(L,99)
AU (9, q)=0 0
AV (9,99) =0 0
DO 54 L=2,9
J~ig-L

54 AW(Jlg)=AV(J+i99)4AU(J+1,9)
00 55 L=119

55 AZ(L, 9)=(AS(L,9)4AV(L,9))'3.1i41592?
00 56 L=1,4

56 AZ(J,9)=-I*O*AZ(J,9)

00 57 J=298
57 BAUJql=8AJ-i,1)4AQ(J+Iti)

SA (911)8 A (8 91)
00 58 L~1,9

5e 9(Lji)zFLOAT(L)'8A(LI)
00) 59 L=219

59 6C (K 1)=AQ(Lo WFLOAT (K)
9C(9, 1)0.0
1(9f 1) =000

00 60 Lr29
J=1!3-L

60 8D(Jqi)=BD(J+,It)4BC(J+iql)
00 61 L=199

DO 62 1=2,8
00 62 L=299
K:L-i

6? BACKI)=AQ(LI)*AH(LI)
00 64 1=298
88(1, I)=AQ(iI)*AH(1,I)+8A (1,1
00 63 J=219
K:J-1

63 BO(JI)=88(K,1)4BACJI)
64 BB(qI)=BB(8,I)

DO 65 I=298
00 65 L=199

65 BC(L,!)=CO(JtI)*BB(LI)
00 67 1=2,8
DO 66 L=299
Kr-L-i
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66 S909K,)ZOCLI)t(L

00 68 1*2,8

00 68 L=299
Jti-L

00 69 1=2,8
00 69 L=119

69 9F(LI)=AH(JID$BE(LI)
00 70 I=2,8
D0 TO L=Itg

70 BH(LIDz(8C(LI)48F(L,1)'E(t)
00 71 1:1,1.

71 Ag(U, 9)zt- I* AQ(Jf 9)

00 ?2 L=218
72 8ACL99)=BA(L-i,9)4AQ(L,1,9)

BA (9,9)=GA (8 9)
n)0 73 L:1,9

71 89 M, 9) =F LO AT(L) 48A (L t9)
010 7P4 L=2,9
K=L-1

74 8C(K,9)=FLOAT( K) 'An(L,9)
ac (9,9)= 0* 0(1(99)=0
00 75 L=299
J:10-L

75 530(J,9h80D(J+I,9)+BC(j+1,9)
00 76 L:1,9

7, 8H ML,9) =( B(L,99) + 80(L9))9:3e 14 15 9 2?
no 77 1:1,4
J=2#L

77 HH(J,9)=-i*G"3H(J,9)
T=3.0
no 78 j:1tq

0') 79 J=199
79 HCJ)=CF(J,1)#RSL/( (1.0-8(15) )'B(J414) )F(J)

00 80 M199
00 80 11,9q

81 01 82 J1i,9
82 0(J)=(G(J)+H(J))/q(J+i4)*( d1.0-8U5))/2.0)

Do 83 J~itg

00 84 M=1,9

84 AP(I,M)=CO(LI)#0(I)
0085S T=199
no 85 Jji9

85 AQ(JI)=AT(JI)-APCJI)
00 66 Jzj,9
00 86 K:1,9
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SE CH(iKJ)zAQtKsJ)

CALL IATINS(AO99,CG4,iODETERNZOINOEX)
elk 87 PRINT 88

GO TO £10
88 FORMAT WH G(mx) Is SINGULAR FOR Z(F))
89 00 91 J2119

SUP4AU=De0
00 90 LSI,9
SUMUA=SUMUA*FLOAT(L)'CG(L, il'AZ(LJ)

90 SUMAU=SUMAU.FLOAT(L)*CG(L,1)'8N(Lj)
91 AU(J, t)=SUIIIA/SUMAU

S=s ic5
00 94 J=1s9
Ci (J,1)=AU(J,1)-G(JI

92 IJ):.CIJi
93 8w=5 -C I (j f)

IF(8W) 95,94,94
94 CONTINUE

GO TO i1i~
95 T=?-1*0

IF(IT) 98,lp96,v96
96 00 97 J~1,9
9? G (J) =AU (J1

GO TO St1
98 CONTINUE
200 FORMAT (9FI2,4)4

9S FO'IIAT (20H TOO MANY ITERATIONS)
100 FOR49AT (12A6)
101 00 103 J1,V9

SU9'JT=..O
00 102 K:I,9

102 SU4UT=SUMUT.FL0AT(K)'CG(K,1)'8H(KJ)
103 AW(J, 1)=SUNUT/(B(i0)'(1,0-B;(15)))

00 £05 J=119
SU4UA = Do
00 104 =199

104. SUMUA :SUJ1UA#FLOAT( K)*CG(K, 1) AZ (KJ)
105 AX(J,1)=SUMUA/(8(1)C1.QCu.8(15)))

00 £0? J~l)9
swmr,=o8u
00 106 K=199

106 SUMG=SUNG*CG (K,1)WCO(L-J)
107 AY (J,91) =SUMG

00 108 1=119
80=AV (1,1)**2/ (2.'8(I+i4)V
8V=8( 1 14) /RSL

108 KI(VA(, )AYI140'0
SLSIPUt4(B(15)*8K(i) .9)
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GO TO lit

lijt RFTURN
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SUBROUTINE SUB2(CCFBFCFOqi4RtIPOl
DINIENSION CZ(i08),TL(12),8(99),AP(9,9),AQC9,9),RU(9,9),AW(9,9),AXC

DIMENSICN TABX(91,TA3Ye)FS(98)FC(98)Fi(9,8),FU(9),PV(9),FW(9
1) ,WA(9,9) ,XA(9,9)
OI1ENSION FE(9),FF(9),FtC9),FP(9),FQ(9),FR(9),VS49)
O111ENSICN4 FX(9),FY(9pGAc9),GB(g),GC(9tGO(9)pGF(9),GG(9),GH(9lHV
1(9),GI(9),GK(9),GL(g),GM(9),GN(9),HEcgIKK(9),HL(g9pHPcg),HQ(9),HS
2(91

COMM1ON /WRT/ JPP
DIWNSION HE1C9)vGCI(9)
COMMION CZ , TL ,B pAP ,AQ pAU
COWIION AW t AX ,AY tQA ,FT , CG
COMMN 80 By I Ko , mg , CMP ,WAXA

1 RSL=8(7)/i3*14i5927*8(4)*8(2))
2 GU=3*0

00 4 Jl199
. FE(J)=FO(J,4)/C2.0*8(J+15.VP3(Jt4))
00 6 J199

6 FF(J)=FD(J,8h9(2*04B(J+14)*FS(J,8))
F1=9. 0
FJ=0*0

7 00 12 J=199
1 FG=FC(J,4)*FE(J)
9 FH=FC(JP8)*FFCJ)

1u FL=(FH*(1.0-B(J4I4)))*F)
12 P'(J)=B(J,23)4FG+FL

D0 16 J=199
13 FN=FK*FC(J,8)*FF(J)
t4. FO=FCC09,4)*FE (J) (.fvl8(J+4I))
16 FP(J)=8 (J32) +FN+FO

D0 18 J=219

F)(il :0.a0
19 G0=((16)-B(15))/29O

00 71 J=299
GOz(B(JF14)-8(J,13))/2*0

21 FR(J)=(FO(J-i)+F(J))B(J1.P 9 GO
FS (1)=0.0

200 23 J=299
2FSCJ)=FS(J-i)..FR(J)
FT(1) :0.0
00 25 J=2,9

25 FT(J)=FS(J)/(B(J414)#42)
GV=00 0
00 2? J=299

2? GV:GVFFT(J)
FI-GV/Q*0

28 FK=(1.OOFI)*(i*0+FJ)
00 30 J=199

30 FU(J)zPlt#PC(J,8)*FF(J)'(1.0-B(JG41))
00 32 Jjit9

32 FV(J)28CJ+23)4FC(J,4)+FU('JI
00 34 J=j 1 9
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GR-FG U, 4) 'FE WJ) *(1. 0*8 (1*41) 1

3%FWfJ)z3(J+32) +GO +GR

35GS:FIM(J)/FP(J)

GT=0. 0
00 19 JZ129

39 GT=GTICJ)

GU=GU-1. 0
40 IF (GU) 42,1itt
41 FK=(I.0,FI)*CI*S4Fj)

GO TO 7
42 00 4'6 J=199
43 FY(J) =n (J+14) /RSL
414 FZ=FVCJI-FC(J,4)
46 GA(Jl=FZ/FY(J)

00 48 JZ199
48 GB(J)=FV(J)/(FY(J)-FBCJq4))

00 50 J=199
49 GCCJ)=ATAN(GB(J))
50 GC1(J)zATAN(GB(J))*5?.,295?795

DO 53 J~lp9
51 H')=2o 03. 1415927/CC
5! GD(J)=HO'CFO(Jt4)/FV(J))#SI4(GC(J))

00 55 J=1,9
55 GF(J)=Ff)(Jt4)/CC

(1 00 60 J1,')
56 G'4=(FV(J)/SIN(GC(J)))*42
57 GY=2*0*CC/3*1415q27
58 GG(J)zGY*G0CJ)*GW*COS(GC(J))
60 GH(J)=GT/RSL'GO(J) 'GW'SltI(GC(J))*BCj+i4)

00 64 J1,p9
61 H4'='(3)-8J+4)41B(2)/2*O)
62 HI4:(SIN(GC(J))/(13(7)*FV(J)))w*2
64 HV(J)=64,31'HU*HW

00 66 J=199
66 GI(J)=((i.0C-FT(J)) /(1.. -FT(9) ))'BCJ,14)

00 68 J=119

00 72 J=199
69 GL(J)=29O*Ft8(J,4)#FE(J)*C1.0+FT(J))
TO GZ=R(J432)4+FC(j94)#FE(J)#(1.0*8Cj.41))
72 G1 (J)=GZ/CGKCJ)*GL(J))

0) 81 J=199

78 HIJFOW(8)/WCJ),FK!qja) ()

81 t4(J)=ATAN(GJN(iE) )

82 HJ= U lip'8(J*3)(1 ,-FT (9))
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814 HL(J) = (FD(J,8) '(1. OFX(Jl) )iI19*8(J+32)

00 85 J=119

HO=(FW(J)fSlN(HF(J)))'-)*2
HP(JlzHV*HK(J)*HO*COS (HE(J)

85 HQ(J)=HN/RSL'HK(J)HOSIN(HE(J))'GI(J) (I.O-FT (9))
86 HR=(1.0-FT (9))*8(2)

00 90 J=19
S7 HT=8(3)-GI(J)*HR/2*0
88 HW= (SIN (HE (0) f(87)FW(J) )f2

CTSIF,-SlMPUN(8C%5) ,GG,9)
CPSIFSlK'PUN(8(15) ,GII9)
CTSIA=SIIPUN(Gl, HPl9l
CPSIA=SIMPUN(GItHQ,91
9(801 =CTSIF+Ci o0-FT(9) )**2*.TSIA

90) HS(J)=6'.31IHT*HW
IF(JPR*NE*2) GO TO 120

IF(CMP) 10?qi07t9l
91 WRITE (6992)
92 FORMAT(IHI)

WRITE (6, 93)TL
93 FORMAT (f12A6)

WRITE (61 94)KO
94~ FOR4AT (1iOX,5IIPAGE I2)

WRITE (6, 951HR
95 FORMAT (6OH 0-A

I IPEi2o4)
WRITE (6, 96)FI

96 FORMAT (60H DELTA
IBAR IPE1294)
WRITE (6, 97)FT(9)

97 FOR'4AT(60H DELTA X
lop iPEI294)
WRITE (6, 93)FJ

98e FORM1AT(60H ZETA
i3AR iPEi2.4#)
WRITE (6, 99)
WRITE (6, 99)

99 FORMAT (5H0
WRITE (6, 100)

109 FORMAT(53X~i3HFWD PROPELLEW~)
WRITE (6, i0t)B(?0),CTSIFCPSIF

101 FORMAT(8H K~lPEi0o4,8H bTSI~lPEl0.4t8H GPSI=IPEIO.41
WRITE (6, 99)

192 FORMAT (SX,4HX (F) ,5XIOHTAN (3ETA-I,5X,$HTAN 8ETA,'5Xp5HCLL/P,8X,4HG(
iS) ,6X,6tUT/2VS6x6HUA/2ViS,?X5HCTST,7X,'5HOCPSZt6X,?HSIGNMA X//)

£03 WRITE (6,i04)8(J+i4),GB(J),GA(J)-PQO(J),GF(j),F8(j,4),FQ(4,4),GG(J)
tpGH(J)9H1V(J)

104. FORtAT(10PE12*4))
WRITE (6, 99)
WRITE (6, 99)
WRITE (6,v 105)

*WRITE (6, i0l)CZ(1O0bTSIA90PSIA
WRITE (6, 99)

105 FORMAT (53X,3HAFT PROPELLERMI
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I 00 10 JX19

100J) , H-SJ)
120 KO=KQI1

CZ(I)zG9I)

CZ(1427)=GH(I)
cz(I+36):GCI(I)
CZ(II45) =GT (V
CZ (I+54)=GN(I)
cz(I+63):IIKCII
CZ (I. 2)=HP (I
CZC 1.81)=H80(1)

nlo 1091=99
TASX(I)=83(+t4)

109 TA3Y(I)=8(I470)
On' 1101:1,9
X=GI(I)
rALL DISCOT (XXTAPaX1TABYTA6Y,30,9,0,Y)

i Ga R(TO 11r~~G 110 3 Il0
ill RETURN

ENOD
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SUBROUTINE MATIlNSCANRNi,9,NCK1,DE'TERilOINOEX)
EQUIVALENCE CIROWJR0bfl, (ICOLUMJCOLUM), (AMM, T, SWAP)

cDIKENSION ACNRNR)l B(NRNC), INOFX(NR,3) T

C INITIALIZATION
C

OETERm 1.
00 20 J=19N

20 INIEXCJ*7) =0

c 0O 550 I~itN

C SEARCH FOR PIVOT ELEMENT
C

AMIA% 0.0
DO 105 J=IN
IF(INOFX(J,3)-1) F-0, 105, 60

60 00 100 K=iN
IF(INOEX(K,3)-l) 80, 100, 715

8'3 IF ( AMAX -ABS CA(JgK))) 85, 100, 100
85 IR!)W=J

ICOLUM =K
AMIAX =AIS (ACJK)

1J00 CONTINUE
105 CONTINUE

INOEX(ICOLUK93) =INDFX(ICOLUK,3) +1

INIEX (TI,1)=IROWU ,v'
c INTERCHANGF ROWS TO PUT Pivar ELEMENT ON DIAGONAL

C
IF C1ROW-ICOLU4) 140, 310, 14.0

140 BETERM=-0ETERN
00 200 L=11N
SWAP:A( lROWL)
A(IROWL)=A(ICOLUML)

20'0 A(ICOLUNfL)=SWAP
IF(t4) "10p 310, 21e

210 DO 250 L~ip M4
SWAP= ( ROW 10
B(IROW,L)=B(ICOLUMIL)

250 B(ICOLUiIL)=SWAP
C

C DIVIDE PlVOT ROW BY PIVOT ELEMENT
C

310 PIVOT ~A(IC OLU M 9ICOLUM)
OE TER M= DE TERM* PI VOT

330 A(ICOLUflICOLUM=i*0
00 350 L=L,N

35q) A(ICOLUM9 L) =A ICOLUM, L) /PIVOT
IF('4) 380, 380, 360

360 DO 370 L--ifM
370 B(ICOLUtIL)=BCICOLUtIL)/PIVOT

C
C REDUCE RONPIVOT ROWS
C
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380 00 550 Li=IpN
IF(Li-ICOLUMI) 41501 550, 4.00

4.09 T-AtLi ICQLUW4)
ACLi, ICGLUM):U. 0
00 450 L=1,N

450 Att~mflL-(CL~L*
IF(") 5509 550, 460

500 8(LltL)=BCLlpL)-B(IC0LUPxLl*T
550 CONTINUE

C IN1FRCHANGE COL0'4NS
C

00 710 I~i9N
L=N44i-T
IF (INOEX(Lt1)-INOEXCL,2)) 630, 710, 630

639 JR0W=IN8EX(Lpi)
JCOLUMIINOEX(L ,2)
g0 705 K1,pN
SWAP=A CKJROW)
A CKJRO'4)ACKtJCOLUM)
A (KtJt;OLUFl0 =SWAP

M05 CONTINUE
71P CONTINUF

00 730 K 194
IF(INDSX(13) -1) 715,720,715

711 CnNTTOUr
730 CONTINUEC V
810 RETURN
715 TO'= 2

GO TO 810
END
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C SUcROUTINE GMHAS(NPNHYtR)

C G4HAS, A FORTRAN IV VERSION OF SHARE SUBROUTINE AN GMHAS,
C PROGRAPIED FOR IRM 360 CONVERSION.
C
C PROGRAIPMER - 1. GOLDEN9 CODE 892, 8-20-68,
C
C -------- ALGORITHM ----------------------------- - -.. -
C
C FOR A SET OF Y(I) POINTS (09LEIsLEK-t)D WHICH CORRESPOND TO A
C SFT OF EQUALLY SPACED X(I) POINTSt COMPUTE THE A(J), 3CJ), C(J),
C ANn PHI(J) TERMS OF THF FOLLOWING SERIESt WHERE H IS THF NUMBER
C OF HARMCNICS DESIRFO.
C
C H
C Y=A(O) .SUW(A(J)'COS(J'X)+B(J)9SIN(J*X))
C J=1
C
C OR
C
C H
C Y=A(O) +SUM(C(J)'SIN(J'X+PHI(J)))
C J=1
C
C WH'.E C(J) IS THF AMPLITUOE ANO PHI(J) IS THE PHASE ANGLE OF THE
C JTH, HARMONIC, THE FUN(TION IS ASSUIED PERIODIC WITH Y(0)=Y(K)*
C
C -------- ARGUMENT DOFINITION ------------------------------------------
C
C to NP - THE NUMBrP OF INPUT POINTS ( K ABOVE).
C 2, NH - THE NUMRER OF HARMONICS 9ESIRED ( H ABOVE ).
C 3. Y - THF SET OF INPUT POINTS DESCRIB.O ABOVE.
C 4o R - THE OUTPUT ARP.AYt WHI-H CONTAINS A(0),(0)tC(0),PHI(0),
C C(O)/C(IAX),A(1),... ,A(NH),3(NH),C(NH),PHI(NH),C(NH)/C(MAX).
C"

C-------- kESTFICTIONS ------------------------------------------------------
C
C 1, 0 MUST BE DIMENSIONED AT LEAST 5*(NH41).2 IN THE CALLING
C PROGRAM,
C 2. Y MUST BE (jMFNSIONEO AT LEAST NP IN THE CALLING PROGRAM.
C
C -------- NOTES ------------------------------------------------- ----
C

C t. R(54 NH+6) CONTAINS THE CHECKSUM

C K/2
C Y(O)=A(0)+SUM(A(J)) FOP H EVEN
C J=t"

C OR

C (K-)/2
C Y(O)=A(0)+SUM(A(J)) FOP H ODD.
C J=1

C
C 2. R(5*NH47) CONTAIN- THE CHECKSUH
C
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C K/2-1
c Y(1)-V(K-I-)=2'SIM(0CJ)#SIN(J*'ALPHA(O))) FOR H EVEN
C Jzj
C
C OR

C CK-)/2
C Y(i)-Y(K-i)=2'SUt4(8(J)'SINCJ'ALPHA(0))) FOR H 000
C J~i
C
C 3. ALPHA IS DEFINED AS 2*PlfK
C 4. ALL ARGUMFNTS ARE SINGLF-PRECISION, AND ALL COMPUTATIONS ARE
C DOUBLE-PRECISION.
C 5. THE CHECKSUM~S WILL NOT B~E COMPUTED IF A FULL-POINT ANALYSIS
C IS NOT MADE.
C 6s. THE PHI'S AR~E IN DEGREES, NOT RADIANS.
C 7. THE SIGN OF PHI(G) (AND PMICK/2) IF COMPUTED) IS MADE TO AGREE
c WITH THE SIGN OF ACO) (AND A(K/2)),
C 8. PHI(I) IS NOT COMPUTED FOR ACI)zBCI)xOt FOR i.LE*I,LE*NH,

DIMENSION Y~i),PR~l)
DUILP PkECISION CpClC29SSlXNPANGLEvALPHA
EOUIVALENCE (SC)

C
C
C ZrIO THE OUTPUT ARRAY*
C

NHI=5*MH+7
DO t0 I:1,NH1

10 R(T)=O.

G C3NI0UTE AL'. CONSTANTS
C

C1=360o/6,283IM53
XNP=NP
C2?./XNP
ALP'iA=h. 83j853/'XNP

C COMPUTE A(G), f30)209 C(O), AND PHICO).

C

C O"UT SA(I(I B(1), CCI), P111I) FOR l#LE#I.5.EsK/2-i

00 30 J~ttNP
ANGLE=ALPHA*FLOATC CJ-I)*I,)
S=S4Y (J) 'OCOS(ANGLE)

3 0 SlzSl+Y(J)*OSlN(ANGLE)
II:5~41
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R(11) =SC2

R (1162) =DSORT (C)
R(11G4)=R (11+2)

C
C 00 NOT COMPUTE PHI(I) IF A(I)=BCI)30#
C

IFCR(I1).NE.0..OP.R(I1Gl) .NE.0.)GO TO 32
WRITE (6,931) 1, 1

31 FORPAT(///16H TO COMPUTE PHI( 14f46H)qIT WOULD BE NECESSARY TO CCM
IPUTE ATAN2CO,0)./48f THESE ARGUMENTS WILL NOT BE ACCEPTABLE, SO PH
21( 14123H) WILL NOT dE COMPiUTEC.///)
r0 TO 41

32 R(It*-3)=C1ATAN? (R(11) ,R(114i))
40 CONTINUE

C
C COMPUTE A(K/2), &(K/2)=~09 C(K/2), PHI(K/2) IF H IS EVEN.
C 00 NOT COMPUTF TWEIV IF H IS 000 OR A FULL-POINT ANALYSIS IS

C NOT COMPUTEDl
C

IF(MOO(NP,2).NE.C)GO TO 60
IF((2*Nt4).NE.(2*(NP/2)))GO TO 60
AI=-1o

00 50 I=1,NP
AI=-AI

5C S=S4AI*Y(I)
NHI=5*NH+i
R (NH 1)=S /XJP
R(NHl.2)=A8S(R(NHl))
R(NH1 44) =R(NHI+2)

R (NHI *3) :SIGN( 90 * ,RP4Ht))

C COMPUTE C.MAX.
C

NHI=NH41
00 70 I=1,NHi

10 C=j'A X I(CD 0BL E(R (5 4I))

C COM4PUTE C(I)fCHAX FOR O*LE*I.LE*NH*

00 80 I1,1NHI

80 R(Ii)=P(Ii)/C
C
C C0'4PUT97 THE CHFCKSUMS IF A FULL-POINT ANALYSIS WAS COMPUTED.

C IF((2*NH) .NE. (2* (NP/?)I)RETURN

I1=5*NHI+i
DO 90 T=INH1

90 R(l1)=R(Ii)tR(5*I-4)

00 100 1=2,NHI
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100 R(I)=RtL1)u.R(5*I-3)OSIN(FLOAT(II3ALPA)
R (11) z2a K t I
RETURN
END
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